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KEEP 
PRODUCTION 
FLOWING 
FASTER 


with 


O800 


A triumph of precision 
to speed your drilling 


“With GRIP you can be sure of a type and size of 


jig bush to suit your needs... immediately available 
from stock. The range includes headless and headed 
press fit, slip and fixed renewable types to BSS 
1098/1953, as well as serrated and recessed bushes 
for plastic and moulded jigs. 


ASK NOW — FOR CATALOGUES AND WALL CHARTS 


TALBOT TOOL CO. LTD. 


GRIP WORKS, 
ROEDALE ROAD, BRIGHTON, SUSSEX 
Tel: BRIGHTON 55832 
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A tour of the Phosphor Bronze 
foundries on any average production 
day is remarkable in revealing an 
extraordinary variety in size, 

shape and alloy composition of 
components being cast, processed 

or machined. With one of the best 
equipped non-ferrous foundries, 
backed by eighty years’ experience, 
The Phosphor Bronze Company offers 
expert and dependable service in 
supplying castings in a wide range 

of non-ferrous alloys including 

all types of phosphor bronze, 

gun metals, aluminium and 
manganese bronzes, monel, all 

kinds of white metals, 

nickel and innumerable other alloys. 


The PHOSPHOR BRONZE Co. LTD. 


BRADFORD STREET * BIRMINGHAM 5 


Member of the Birtield Group 


Enquiries to: BIRFIELD INDUSTRIES LIMITED * STRATFORD HOUSE * LONDON ° WI 
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ZEISS 





Gear Wheel Tester 


For testing the pitch, the 
base pitch, the tooth 
thickness, the tooth space, 
and the eccentricity of spur, 
bevel, helical, and worm 
gears, as well as the pitch 
and eccentricity of notched 
index discs. 


A3 


Renowned throughout the world— 
Manufacturers of more than 
4,000 different Scientific and 


Optical Instruments 


Involute Gear Tester 


No circular discs are necessary. Any 
base circle radius up to 207 mm. 
(8.in.) may be set continuously on 
this instrument or the unknown 
diameter of the base circle of a gear 
determined. The measured value of 
the actual radius of the base circle 

is read off to the nearest yz (0.00004 in.) 
on a built-in precision glass scale with 
the aid of a spiral microscope. 





To obtain further particulars of our full range of precision measuring instruments write to: 


JENA | 


Cc. Z. SCIENTIFIC INSTRUMENTS LIMITED 


12a GOLDEN SQUARE, LONDON, W.1! 
Sole agents in the United Kingdom and Northern Ireland 


TENA 


Tel: GER 4488, 1997/8/9 
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Continuous milling cuts floor-to-floor time 


Milling flange faces of petrol pump bodies at the Dunstable works of AC-Delco Ltd. 
Material—die-cast alloy, number on table—I2. Time allowance—3 secs. 


Production milling time on many different com- 
ponents can be cut considerably with this versatile 
Model 2VR continuous vertical miller, with first- 
class finish and without strain on the operator. 
Continuous milling cuts the unproductive waste 
out of floor-to-floor times. No time is lost in 


traversing or loading and unloading. The 2VR is 
milling all the time. 

Write for a new leaflet showing how we have 
approached many typical cases. Let us see if 
we can do any of your jobs faster and better by 
continuous milling. 


ADCOCK & SHIPLEY LTD 


P.O. Box 22, Ash Street, Leicester Telephone : 


Leicester 24154/5/6 


Telegrams & Cables : Adcock Leicester 





Taking heavy thrust 


in an extruding machine 


This machine, for extruding plastics, is built by General Engineering 
Co. (Radcliffe) Ltd. in various sizes and is illustrated without its 
control panel. 


The extruding screw is driven by a powerful motor through worm 
reduction gearing. 


The heavy thrust set up during extrusion is met by a Timken 
tapered-roller thrust bearing: this is pre-loaded by an opposing 
Timken tapered-roller bearing. 





It will be understood that in both of these types of Timken bearing 
there is a true rolling action, since all the elements are conical, with 
suitably related rolling geometry. 





Aa , z = , Regd. 
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TAPERED-ROLLER BEARINGS MADE IN ENGLAND BY 


BRITISH TIMKEN 


LIMITED 


DUSTON, NORTHAMPTON (HEAD OFFICE) AND DAVENTRY, NORTHANTS 
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Vf you want to know something about 
BORING € TURNING MILLS... 





















SEE YOUR 
COMPETITORS / 


Sa > 


If your business requires the boring and turning of medium to large castings and forgings 
or similar components, and you do not use Webster and Bennett Boring Mills, it’s highly 
probable your competitors do. 


In that case, they'll be getting the benefit of lower overheads, because on the bases of 
capital costs and running costs there are no other machines quite as economical. 


Powered for carbide tooling and high metal removal rates; centralised hydraulic controls 
for operating convenience; easy reservicing when necessary assisted 

by unit construction; self-compensating clutches obviating frequent 
adjustment for wear, are some of the outstanding features of these 
machines. 















Add to this the fact that they are probably the most reasonably 
priced machines of their kind, and the reasons for their increasing 
demand become clear. 





> 


The illustration shows one of the battery 
of Webster and Bennett Boring Mills 
installed in the London Works of 
Dewrance & Co. Ltd., facing, turning, 
boring and screwing 5” valve bodies in 
a floor to floor time of 66 minutes. 


WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 
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is your 
press as 
old as 


it looks? 





















Press modernisation may be a 
low-cost way to revitalise 

your machine and regain lost 
efficiency. 

The facts behind conversion 
and modernisation should be of 
interest to press users 
everywhere. 

If you are considering the 
replacement of an old press 
and are uncertain whether 

to buy new equipment or 
replace the old, let a Bliss 
Preventive Maintenance Service 
engineer give you the facts 
concerning both. 
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ute 
BRIGHT STEEL BA 


Rounds (drawn, turned and ground) 
Hexagons, Squares, Flats, 
and Special Sections. 









Mild, Freecutting, Casehardening, 
Carbon and Alloy steels. 

Supplied to A.1.D., Admiralty, 
B.S. 970 and customers’ 
own specifications. 





more I— J 


EXORS. OF JAMES MILLS LTD. 


BREDBURY STEEL WORKS WOODLEY. NR. STOCKPORT 


Telephone: WOODLEY 2231.(10 lines) Telegrams: ‘‘MILLS'’ PHONE WOODLEY 
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whatever 
your 
product... 












can Offer a : 
omplete service 


c: 
The Birmingham Tool & Gauge Company 
offers an unsurpassed service to an ever- 





increasing number of manufacturers in 
diverse fields of metal working. Although 
primarily manufacturers of special cutting 

| tools of every description, both in High 
Speed Steel and Tungsten Carbide, our 
capacity embraces high quality precision 
engineering work and the manufacture of 
jigs, fixtures and inspection gauges. The 
same rigid adherence to meticulous 
standards of quality and finish that has 
always been reflected in our range of cutting 
tools, for which we have been renowned for 
nearly half a century, is now strictly 
observed in our new fields of activity. 
BIRMINGHAM TOOL & GAUGE GO. LTD 


SOHO HILL, HANDSWORTH, BIRMINGHAM 19 
Telephone: NORthern 3344 Telegrams: Relief, Birmingham 19 


London Office: 26 Holborn Viaduct, London, £.C.1 


Telephone: Fleet Street 6454 Telegrams: Birmtool, Cent, London Beardmore 
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DIAMOND 
cut 
DIAMOND 


We use our own products 





For accurate bores 





in jigs and fixtures needed in the 
production of diamond tools 

our toolroom uses the internal grinding 
assembly on a universal grinder. 

For truing these wheels 

we use Diatuf type ' 


WTS tools 





TELEPHONE: BASINGSTOKE 1240 VAN MOPPES & SONS (DIAMOND TOOLS) LTD 
TELEGRAMS: DIATIPT BASINGSTOKE BASINGSTOKE - HAMPSHIRE - ENGLAND 











OUR ILLUSTRATED DATA SHEETS AND OUR TECHNICAL REPRESENTATIVES ARE AVAILABLE ON REQUEST 


rnal 
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GIRDER END 
FACING 


4 For further particulars please consult our 
engineers who are always available to assist with 


all tungsten carbide machining problems. 


The Prolite Futurmill lustrated is used for 
girder end facing, face milling and plate 


edging. 


These operations are completed with the 
cutter running at a peripheral speed of 
940 ft. per minute with a feed 30in. per 
minute and a depth of cut up to } in. 

Under these conditions cutter life is good, 
blade life is economical and servicing is 


simple. 
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VARLEY 


DO ALMOST ANYTHING 


... and the odds are we are helping 

you to do it. We are specialists in 

design for mass production. We 

also design and mass produce to 

special requirements. 

Some of our successes in this field: 

Relays and Coils for the Aircraft 

Industry. 

Motors for Hair Dryers. 

Coils, Solenoids and Harnesses for ° 
the Automobile Industry. ... drive 
Motors and Solenoids for Washing 
Machines. si 
Mechanisms for Electric Razors. i 
Coils, Solenoids, Relays and 

Transformers for Computing 

Automation and other Industries. 

Whether we help you design (which 

we prefer) or produce components 

of your own to rigorous schedules; 

we believe that we can save you 

money and serve you better... 

Over five decades of experience is at 

your call...Can we use it for YOU. 


Problem: 
Develop a special 14 watt shaded 
pole motor of 2,400 r.p.m. to run 
quietly and continuously in high 
ambient temperatures with a 
special starting torque. 

Solution: 

Motor developed by Oliver Pell 
Control in vat than one month. - - - Shave 
Order Placed. 4months fromorder, 
production of 500 motors a week 
started. We can do this for YOU. 


Do altnost any thing--- 


OLIVER PELL CONTROL LIMITED 


CAMBRIDGE ROW, WOOLWICH S.E.18, ENGLAND. CABLES: VARLYMAG, WOOLWICH. TELEPHONE: WOOLWICH 1422 
a0 6c 








Tested at 2,500 p.s.i. 


The illustration shows a valve body for use in hydraulic control equip- 
ment. The complex nature of this valve body involves a great deal of 
machining ; at the same time high mechanical strength is an important 
factor, since the valves are used at a high working pressure and are 
tested at 2,500 p.s.i. 


These considerations led to the choice of castings in ‘Lepaz 35’, a 
pearlitic malleable whic’ ~ombines excellent machinability with an 
ultimate stress of 33/38 tons sq. inch and an elongation of 6-8%. 


LEY’S MALLEABLE CASTINGS CO. LTD., DERBY. TELEPHONE: DERBY 45671. 


STRENGTH & RIGIDITY _.... ,,° 
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Built to 


Precision 


‘S e% 











Machine Tool Vv 


Standards 


CINCINNATI 
att sect 
SHEARS 


BRITISH BUILT 


INCINNATI 
ail stl 
PRESS 





BRAKES 


The all-steel 
interlocked construction, 
centreline loading and deep 


beds and rams give maximum rigidity 





. rigidity means accuracy 





CINCINNATI 





NRP 2312a 


OFFER A COMPREHENSIVE 
DIE DESIGN SERVICE 


= —- LIMITED 


3ARANT LS SE IRTLAND ROAD VE SUSSEX 


LONDON BIRMINGHAM GLASGOW MANCHESTER BRISTOL 








Stepless speed variation 
over a9 to | output speed ' 
range (1/3 to 3 times the 
input speed). 

Constant horse-power 
transmitted throughout 
the speed range. 


Flange mounted motors 
(when required) giving 
output speeds from 320 to 
2880 r.p.m. and from 480 

to 4320 r.p.m. 

Output speeds down to 3 

to 27 r.p.m. or lower can be 
obtained with flange mounted 
Reduction Gears. 
Exceptionally light, sensitive 
and accurate control of speed 
settings by lever or handwheel 
with counter type indicator 
incorporated if required. 


OA 


VARIABLE SPEED GEARS 


3 h.p. motorised 
variator 














Co-axial input and output 

shafts which rotate in the é 
same direction. 

Service reliability resulting 

from a simple design 

manufactured to high precision 


limits. 


Compactness, with consequent 
ease of mounting as an integral 
part of a machine. 

Vibrationless and silent 
performance. 

Standard range |/33 h.p. to I5h.p. 
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{V0l)’~ THE POSITION ATA GLANCE 


Rapid Setting of 
Co-ordinate 
Dimensions 

with 





The work is positioned under the punch 
by two handwheels controlling table 
movement. Direct measuring indicators 
mounted one above each handwheel 
enable precise co-ordinate dimensions 
to be read at a glance. Tripping the press 
automatically rotates a chart indicating 
the next table and turret settings. 


80,000 Ib. punching pressure—20, 24 or 
28 punching stations. 
Maximum plate size 100" x 60”. 


There’s a Wiedemann Turret Punch Press for 
every short and medium run piercing job. 












Write for 
technical 
brochure 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET. LONDON, W.14 


Telephone WESTERN 8077 (8 lines) Telegrams :: ACCURATOOL HAMMER LONDON 
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PNEUMATIC 
CONTROLS 


Pneumatic cylinders and control valves are helping to increase 
industrial productivity for small capital investment. Our 
illustration shows some of the range of Enots dwarf valves 
for #,” 0.d. tube. Similar valves totalling more than 150 in 
all, are available for use with #” o.d. and }” o.d. pipe. 
Simplicity of design and rugged construction ensures long 
and trouble-free life. 


send WOW S 


Our 16 MM Colour film “ Air 
Controlled” (duration 24 
minutes) shows many interest- 
ing examples of better produc- 
tion methods using pneumatic 
power in many different plants. 
It is available free on loan to 
companies, technical colleges 
etc. who wish to see some of the 
latest ideas. Application 
forms and full illus- 

trated catalogue 

will be sent 

on request. 


AJREMINDER: We shall be pleased to see you at ENOTS Film Show and Exhibition of Pneumatic and Lubrication Equipment 


on APRIL 13th, I4th and I5th, 10 a.m. to 8 p.m., PARK LANE HOUSE, 45 Park Lane, London, W.1. (near Dorchester 


jotel) 
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PNEUTOMATION 


perfect control for 
oe 


























complex jobs 


Before production problems become 

major headaches, get a vest-pocket elephant 
into your works—PNEUTOMATION! 
PNEUTOMATION gives you jumbo- 
sized performance—plus docility. 

It never varies, never tires, delivers exactly 
the right amount of power, in the right 
place at the right time—every time. 

With PNEUTOMATION in control, 
human errors and operator fatigue become 
things of the past, production speeds up, 
costs and rejects drop. 

Simple design, careful workmanship and 
completely non-corrodible materials cut 
replacement and maintenance costs, 

make Lang PREUTOMATION 

a really long-lasting, 

trouble-free pneumatic power system. 


Pneutomation 
never forgets 
to operate 


PNEUTOMATION 


energy under control 


The ‘ Pneulang’ basic cylinder unit, just one of 
the 264 cylinders available ‘ off-the-shelf’. 

The range of PREUTOMATION equipment also 
includes many types of manual and automatic 
valves, lubricators, airflow regulators, 

pipes and fittings, etc. 











\" 
\ 


“LANG PNEUMATIC LTD 


VICTORY WORKS BIRMINGHAM ROAD WOLVERHAMPTON Tel 2$221-2°3 





Associated with Desoutter Brothers (Holdings) Ltd. 
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ELERODA D1 


SPARK EROSION MACHINE 









This illustration shows the magnetic electrode holder, specially FOR HIGH PRECISION 
designed for quick accurate re-positioning of the electrode relative to 
the work. PRESS TOOL MANUFACTURE 
When several electrodes are used, these can be pre-set in special 
holders which are quickly attached to the quill by simple push button 


magnetic control. SIMPLE TO OPERATE— 
Safety measures are incorporated to prevent inadvertent release of the 
holder during operation of the machine. } WORKS LARGELY UNATTENDED 


The ELERODA has no electronic elements: 
An electro-hydraulic servo controls stepless down feed. 


Spark gaps of 0°0002” can be attained. MACHINES THE 
Save tool costs by making press tool punches and steel finishing 
electrodes in one piece. f “UNWORKABLE METALS” 


R i) C K W E L L For further particulars write or telephone TODAY 


WELSH HARP, EDGWARE RD., LONDON, N.W.2. 
TEL: GLADSTONE 0033 


ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2822 


iscierininieteinsieneinieimieiisiiiainasiemniasiasisensimesiasangiaitl 


EL.2 


MACHINE TeGQL LTD 
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THEY ALL STOPPED TO LOOK 
























When a group of Foundry Technicians and 
Executives recently visited the Edgar Allen Steel 
Foundry, their main interest was the latest concep- 
tion of the art of quenching. This takes the form of 
a 3-stage batch quenching furnace for the treatment 
of carbon, austenitic (11-14°,) manganese and alloy 
steel castings, and a new method of ensuring 
prompt efficient contact of the castings with the 
quenching medium. 

The installation of this up-to-date and efficient 
equipment is another great step forward in 
Range of products illustrated in our Steel Edgar Allen & Co. Ltd’s constant aim - “Quality 
Foundry Book. May we post you a copy? Improvement”. The purpose behind it? - YOUR 
interests ! 


Edgar Allen «Co Limited | Iiiett:conmmneuee 
IMPERIAL STEEL WORKS - SHEFFIELD - 9 


‘Steel Foundry Book 


EE basidecebdisenebcindatoconsandiveds quccvuncesunnsbiend i 
. \ 1 FI cn ou skn Pe ceaRAS LEDS Sev Séuehs be auaenecekeiiebaecsen t 
. PD Aieadccccglashactesusseiathosbenaantteisncsadedsbaensan 
2 For this Booklet post the coupon to-day aa ink iceanbbieiieadbaibiiae babtiatdeblainedoeadenaaiih 
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made to measure 


.--inall workshops 


Universal Measuring Support Type U-10 
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PNEUMATIC 
> 4 Moto) a, Co] iim 


The Teddington Gauging system has inherent advantages which 
provide fast, positive, trouble-free measurement combined with 
extreme accuracy. 

The standard range of Pneumatic Gauges covers all commonly 
met gauging problems. It includes equipment for manual inspection, 
automatic gauging, and machine tool control. 


tet “Vedelinglor: SOLve YOUR PROBLEMS 


Teddington also provide a complete service covering the design 
and development of special purpose equipment for all applications, 
including data-reduction and print-out systems for statistical 
analysis where required. 

Let us solve your problems of dimensional measurement or control, 
our proposals will cost you nothing. 


MODEL 88 PNEUMATIC SIZE CONTROL for the automatic dimensional control of 
work on machine tools. This inexpensive unit for “tin process” or “‘post 
process” gauging provides a completely flexible control for grinding, fine 
turning and other precision machining. It combines light indication with 
multi-stage corrective signalling for the machine controls. Write for 
leaflet N10. 


TEDDINGTON INDUSTRIAL EQUIPMENT LTD * SUNBURY-ON-THAMES * MIDDLESEX 


Telephone: Sunbury-on-Thames 600 
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SMALLER, 
MORE THAN 
TWICE AS POWERFUL, 
COSTS LESS 

IN RELATION TO OUTPUT 






Fist of a 4orced 


THIS PUMP IS... 


Now available in the three capacities as 






































readied 





STEIN ATKINSON VICKERS 








for 


The complete range of these 
high performance pumps, 
which will meet your largest 


requirements, is being 


release. 


table below :— 
Delivery — GPM Input Horse- 
Model Number ed power « Package | Weight 
1200 RPM =—-2000 RPM 2000 RPM Size t 
100 PSi 2000 PSI 2000 PSt 
2V12A-9*10 98 148 255 L 53° 
2V14A-**10 113 170 29.0 W.43” 26 Ib 
" 5 H. 53” 
2V17A-**10 138 21.0 36.0 
t Exclusive of Shaft Extension and Mounting Lobes. 


NEW ViCKERS-DETROIT high performance 
VANE PUMP 


S.A.V. HYDRAULICS 


HYDRAULICS 
197 KNIGHTSBRIDGE LONDON S.W.7 








LIMITEDS 









APL greases passed 


= 




















TRIUMPHS OF SHELL RESEARCH 


athe final test... 


Radiation broke up the gel structure of conven- 
tional greases. They lost their lubricating proper- 
ties, turned fluid or granulated. Completely new 
kinds of greases were needed by the atomic power 
industry for the bearings situated within the 
radiation field. 

The Shell Group started working out radiation- 
resistant APL greases whilst most nuclear power 


and sunk into the B.E.P.O. pile. There it was not 
only subjected to mechanical working and high tem- 
peratures in CO), but also to an integrated pile 
dosage of 2.7 x 10'® thermal N. per sq. cm. plus asso- 
ciated radiation. APL greases sailed through their 
finals—and Shell are proud of it. They should be. 
For with these greases, Shell completed Britain’s 
first range of Atomic Power Lubricants. 





stations were still on the drawing-board, and the 
research that went into them is characteristic of 
the way Shell set about doing things. 

A team of research workers was assembled at 
Shell’s Research Centre at Thornton. After four 
years of research and testing — both at Thornton and 
the A.E.R.E. Harwell- APL greases were ready 
for their finals. A sample was packed into a bearing 


The moral of the APL story is that Shell 
research is supremely applicational. The Centre 
at Thornton is always ready to work with even the 
most specialised sectors of industry to produce the 
right lubricant for the job. If you and your organi- 
sation have any major lubrication problem, it will 
pay you to get in touch with your local distributor 
of Shell Industrial Lubricants. 





The Research Story 


Naturally a whole variety of greases were investigated. Conven- 
tional metallic soap greases were affected even by relatively low 
levels of radiation. Other greases based on synthetic and non- 
petroleum materials were examined and found to be equally 
unstable. Some of them softened appreciably and became tacky, 
whilst others hardened. 

The Shell APL 700 series of greases are specially processed 
with an inorganic gelling agent, the base lubricant used being 
similar to the APL oils previously proved highly resistant to 
radiation. There were three series of tests. First tests were prelimi- 
nary radiation tests at Harwell. Then the greases were tested for 
their lubricating qualities in a high temperature (400°F) pressurised 
CO, anti-friction bearing rig turning at 1,500 r.p.m. For the final 
tests, actual working conditions were simulated at Harwell. 


ATOMIC POWER LUBRICANTS 


another proof of Shell leadership in lubrication 








keep output 



















MODELS 
Model Max. Cap. Stroke 
19.150 is” 13” 
19.400 ¥” 4’ 
19.600 12’ 6” 
DRIVES 


Direct motor drive. 
Geared reduction drive. 


Pulley drive with or without 
motors. 








no drilling 





bottlenecks 


AIR HYDRAULIC DRILL UNITS 


This is the time to equip for maximum 
production, to choose plant that will earn all the 
time. A Delta Drill Unit is never on the shelf — 
there is always a job for these versatile, rapidly 
set-up units. And to help you to immediately 
take advantage of Delta earning power we have 
planned to stock for immediate delivery. Plan 


today for tomorrow. 
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Fatloved. 


5 (D> 
TO YOUR JOB 

















Write to Dept. IP. 2327 


Patents Nos. 
710335, 721848, 
719846, 723337, 
72387 | & 759043 








DEVONSHIRE HOUSE, VICARAGE CRESCENT 


GASTON E.MARBAIX LTD BarttERsEA, LONDON, S.W.11 










PHONE : BATTERSEA 8888 (8 lines) 


NRP 2327 





. 


. Another Marine Engine Shop buys 


32 ins (815mm) swing machine for 
general heavy-duty turning, 

and 42in (1065 mm) swing 
machine with hydraulic copying 
for profile-boring marine diesel 
piston heads 





photograph by courtesy of 
Swan, Hunter & Wigham Richardson Ltd. 


LATHES 


Centre lathes from 17 in (430 mm) to 42 in (1065 mm) swing 
Surfacing and boring lathes of 17 in (430 mm) and 25 in (635 mm) swing 


DENHAM’S ENGINEERING CO. LTD., HALIFAX, ENGLAND 
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\) why pick on us? 





/ We're just the type for Imperial Typewriters. 
| They picked on us to cast the aluminium 
\ side plates for their new typewriter because 
i, if they knew we’d do it quickly, cheaply and well. 
all Imperial Typewriters are just the type for us. 
They wanted quantity production of the type 


’ of casting for which we are well equipped. If that’s 
\ the type of job you want done — pick on us. 








the whole in one 


BRITISH DIE CASTING AND ENGINEERING CO. LTD. 
EDWARD ROAD - NEW BARNET - HERTS - TEL: BARNET 9211 
ALSO AT WEST CHIRTON TRADING ESTATE - NORTH SHIELDS 
NORTHUMBERLAND - NORTH SHIELDS 2100 
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As good as when 
it was 
first built— 


but for eet! 
efficient = 
production today— 


CINCINNATI 


_ MILLING 
MACHINES 


Ideal for general-purpose work and 
(when fitted with automatic table cycles 
highly suitable for both long and short 
production runs. With a wide range of 
feeds and speeds; automatic backlash 
eliminator (on demand); instant speed 
and feed changes and conveniently 
situated directional controls, the 2MI 
will prove a sound investment which will 
pay handsome dividends and cover its 
own cost in increased production. 














These are but a few of the many 
outstanding design features of the 
CINCINNATI 2M!—for full details send 
now for Catalogue No. M-1506-E 


Sales Representatives: 
CHARLES CHURCHILL & CO. LTD. 
Gateshead 


\CHINES LTD., BIRMINGHAM 24 
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power elevation (as illustrated) optional 





SS Oe 











Drills sas dis a .-- 12” dia. in ms. 

Taps : = .. ¥” dia. whit. t a H e 
Radius of spindle | ae ... max. 36” or 48”, min. 11” 

Working area of table ... <0 BO OX a2” or 36" X 24" 

Working area of tilting table ... 24” 20” 

Working area of baseplate ... 35” X 26” or 47” X 26” 

No. of speeds... — PA i, y € 
Speed range r.p.m. _ ... 100-1500 

No. of feeds 3 ces ie 





Motor h.p. 


ess eee 8 
Baseplate floor area... ..» 624” X 251” or 744” XK 264” é i" 
Clearance circle for arm ... 8° 0” dia. or 10’ 0” dia. 


— 


AJAX MACHINE TOOL COMPANY LTD. 


Proprietors: Ada (Halifax) Ltd. 
WEST MOUNT WORKS ’ HALIFAX . YORKS 
Telephone: 5395/6/7 Telegrams: AJAX HALIFAX 
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Complete electronic rectifier Integrally mounted squirrel- 
and controller in one small cage motor and eddy-current 
unit, local or remote mounting. Variable Speed Coupling, with 
Size only 5 x5 x 62° Double Shaft extension 


easier = 


See the Hynsto- Suede demonstrated att the ASE.E. Exhitition 
Larts Court - March 17 th-Z1st- Mand No S7 (fest fear) 


INFINITELY VARIABLE SPEED OVER A WIDE RANGE 
ACCURATE SPEED CONTROL BY TACHOMETER GENERATOR 
FEED-BACK SYSTEM. SIMPLE CONSTRUCTION. LOW MAINTENANCE 








HEENAN & FROUDE LTD. Engineers . Worcester 
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» « - reach, grasp, carry, lift, turn, clamp and filt. 
Hymatic Automation is thus invaluable in the automatic 
and selective transfer of parts from one process to the next, 
from conveyor to conveyor; in unloading one machine and 
loading: the next; or in quick clamping to hold parts during 
machining. All designs of Hymatic Automation are made 


for specific tasks but are readily adaptable to others. 


NAME FOR 


,.. dislodge... 





... shelve... 


Hymatic Automation covers the whole problem—the de- | 


sign of the circuit—the machine—the means of control. 


THE HYMATIC ENGINFERING CO. LTD. DEPT. HA.84 * REDDITCH - WORCS. ——— — 
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.. feed parts 


Hymatic Automation, therefore, has a place in your pro- 
gramme of productivity improvement. 

Perhaps in your Works, too, there are jobs where it is poss- 
ible for people to burn or cut themselves, strain or crush 
themselves, lose fingers or even a hand; or perhaps there 
are jobs for which you just cannot find people. 


In all events CONSULT 


Hymatic Automation 
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CROSSLEY RELIABILITY 


GEAR PERFECTION 


constitute the all important drive 
from the crankshaft to the 

fuel pump camshaft in the famous 
Crossley two-cycle scavenge pump 
diesel engines which are giving 
outstanding service in marine, 
industrial and nuclear application 


all over the world. 


Photograph by courtesy of Crossley Brothers Ltd. 







The Gear Grinding Co. Ltd. 


Makers of the ‘ORCUTT '’ range of gear and spline grinding machines and gear measuring machines 
CRANMORE BOULEVARD . SHIRLEY °* SOLIHULL + WARWICKSHIRE 































AVERY Dynamic Fatigue Test machines give you 
the essential data that static tests can’t give. 


In many instances, information obtained from 
static tests alone has proved inadequate; the true 
performance of a material under all working 
conditions has not been revealed. In such circum- 
stances these Avery machines provide essential 
information. They cover a variety of loads and 
loading conditions and have proved through world 
wide use that they are extremely reliable and 


accurate. Here are three examples: 


AVERY 7302 Pulsator Fatigue Testing Machine 
Capacity 20 tons, 40,000 Ib. or 20,000 kg. 


A push-pull, dual mass, resonance type fatigue test machine. 
No special foundations are needed. Extras available include 


tools for bend tests. 


AVERY 7303 Dynamic 
Fatigue Testing Machine 
Capacity 250|b. in. or3 kg.m. 


The Avery 7303 is a well engineered 
reverse bending machine with these 
special features: typical Avery sim- 
plicity of operation, provision for 
static loading and superimposed 
dynamic reversed bending, auto- 
matic stop at specimen failure, 
Avery equipment for torsion and 
combined bending and _ torsion 
tests, Avery automatic revolution 
counter, adjustable bending angle, 
no special foundations needed. 


AVERY 7304 Dynamic Fatigue Testing Machine 
Capacity 50 Ib. or 25 kg. 


A compact Avery machine ideal for laboratory or routine test 
work. An important advantage of the Avery 7304 is that it 
permits simultaneous fatigue tests of the Wohler cantilever 
type on two rotating bar specimens. The Avery 7304 is easy to 
operate, allows rapid tests, has automatic cut-out at end of 
test, and needs no special foundations. 





For more details of these and other widely used Avery testing machines write to : 
Publicity Department, W. & T. AVERY, LIMITED, Soho Foundry, Birmingham 40. 


Established 1730 Branches and Agents throughout the world. 
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SURFACE GRINDERS 


Illustrated here are but a few of the very 
many types of ‘“Duplex’’ surface grinding 
machines that we manufacture. 








All machines are capable of extremely 
impressive rates of production, coupled with 


Telephone: 


HEATON MOOR 





high degrees of accuracy and surface finish. a mupinte 
Our technical representatives are ready, able HEROIC, REDDISH 
and willing to co-operate with you. i g " 

g REDDISH - STOCKPORT - ENGLAND 


Sole Export Agents: DRUMMOND ASQUITH (Sales) LTD., Halifax House, Strand, London, W.C.2. Tel.: TRAfalgar 7814 
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Pesce tiPTive 





We manufacture... 


[ete One 6SEUNT 6 ©ON REQUEST 








Increase production with.. ~ 























Markland Scowcroft 


“SA | LIMITED 
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460 MANCHESTER RD. BOLTON Phone BOLTON 4020 (3 LINES) ° TELEGRAMS ‘WAGON’ BOLTON 








5.000 TONS OF 
BRIGHT STEEL 

are always available 

at our main warehouse 
at Usaspead Corner 
for immediate delivery. 
Avoid delays by using 
the Macready Service. 


MR. STEEL’S 
NEW 
WAREHOUSE 
FOR 

HOT ROLLED 
CARBON 

& ALLOY 
STEELS 


Macready’s Metal Company Ltd. has this additional special warehouse at 

King’s Cross devoted to the supply of Carbon and Alloy Steels. 

Very large stocks are held and the warehouse is completely equipped with the modern 
facilities required to maintain the quick delivery service for which Macready’s are famous. 


Production delays are eliminated when you use Macready’s. 


MACREADY’S METAL COMPANY LTD. 


USASPEAD CORNER - PENTONVILLE ROAD - LONDON N.I 
Telephone : TERminus 7060 (20 lines). Telegrams : Usaspead, London, Telex. Telex No.: 22788. 
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Diametet’ Measuring Machine. 


























in Le INA 


Safe guarding with full visibility at all times. 


Heavy design centre tool head with non-slip adjustment. 


Infinitely variable speed range. 


Pecker-type grip mechanism ensures accurate feed. 
Longitudinally adjustable press unit simplifies tooling. 


Straightening rolls with quick opening device. 
Robust cut-off unit for cropping heavy material. 


Positive clutch and brake action for full tool protection. 


Clear way beneath bed for easy work removal. 
Complete accessibility. 





Outstanding Features 
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the new design concept- 


visibility and security 


A new range of multi-slide automatic 
wire and strip forming machines 





In this new range of Multiform automatics 
new high standards of design have been 
achieved leading to ease of operation and 
servicing, and faster operation. 


They embody an entirely new system of 
guarding which ensures full visibility of the 
working mechanisms at all times, quiet opera- 
tion, the exclusion of dust and dirt, and 
complete operator protection. 


When working adjustments are required, or 
when setting up, complete all round acces- 
sibility is assured to all working parts. 


A fully illustrated catalogue describing the 
technical features of this new range is available. 
We will gladly send you a copy on request. 
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MARCH, 1959 





THE ANNUAL GENERAL MEETING 


ees Annual General Meeting of the Institution 
was held at 10, Chesterfield Street, London, W.1, 
on Thursday, 29th January, 1959, at 2 p.m. 

The Rt. Hon. THE EARL OF HALSBURY, 
F.R.IL.C., F.Inst. P., President, was in the Chair. 


Notice convening Meeting 
THE SECRETARY (Mr. W. F. S. Woodford) 


read the Notice convening the meeting. 


Minutes 

The Minutes of the Extraordinary General 
Meeting held on 30th January, 1958, which had been 
circulated, were taken as read and were confirmed 
and signed as correct. 

The Minutes of the Annual General Meeting held 
on 30th January, 1958, which had been circulated, 
were taken as read and were confirmed and signed 
as correct. 


Report on Election of Members to Council 


The Report on the Election of Members to 
Council was received on the motion of the 
PRESIDENT, seconded by Mr. R. H. S. TURNER. 


Annual Report of Council 

Mr. H. W. BOWEN, Chairman of Council, said 
that the Report of Council was to be found on page 
42 of the January Journal, and he formally moved 


its adoption. 
Mr. E. PERCY EDWARDS seconded the motion 


which was carried. 


Statement on Income and Expenditure, Balance 
Sheet and Auditors’ Report 

Mr. H. W. BOWEN (Chairman of Council) 
moved the adoption of the accounts. 

Mr. G. R. BLAKELY seconded, and there being 
no questions arising from the income and expendi- 
ture statement, balance sheet and auditors’ report, 


Thursday, 29th January, 1959 


the motion was put to the meeting and carried 
unanimously. 


Royal Charter of Incorporation 


Mr. E. F. GILBERTHORPE moved that the 
Institution should petition Her Majesty The Queen 
for a grant of a Royal Charter of Incorporation, 
and that the Council be empowered to take all 
necessary action. 

Mr. J. H. WINSKILL seconded the motion which 


was carried unanimously. 


Election of Auditors 


On the motion of Mr. G. R. PRYOR, seconded 
by Mr. R. E. MILLS, Messrs. Gibson, Appleby & 
Co., Chartered Accountants, were re-elected Auditors 
to the Institution for the year 1958-1959 and were 
thanked for their previous services. 


Election of Solicitors 


On the motion of Mr. K. J. HUME, seconded by 
Mr. S. G. E. NASH, Messrs. Syrett & Sons were 
appointed Solicitors to the Institution for the year 
1958-59 and were thanked for their previous 
services. 

Council also unanimously agreed that a message 
of sympathy and best wishes for a speedy recovery 
should be conveyed to the senior partner of Messrs. 
Syrett & Sons, who was seriously ill. 


Votes of Thanks 


The PRESIDENT moved a hearty vote of thanks 
to all those whose work had helped to make the 
Institution’s affairs a success in the past year. First 
he desired to mention all the Regional and Section 
Officers who were too numerous to mention by 
name. Then there was the Chairman of Council, 
Mr. Bowen, and the Vice-Chairman, Mr. Turner, 
both of whom had executive work to do on behalf 
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of the Institution which, needless to say, they had 
discharged throughout the year to everyone’s entire 
satisfaction and with their usual conscientiousness. 

Council would wish him to include for special 
mention the Chairmen of the Standing Committees 
who gave most generously of their time during the 
course of the year, and all members of the Institution 
who had helped in one way or another. 

Lastly, of course, members of Council would wish 
to include in the vote of thanks the servants of the 
Institution, principally the Secretary, Mr. Woodford, 
and his staff, whose labours in the interests of the 
Institution had done very much to promote the 
welfare and prosperity of the Institution during the 
year just ended. 


Mr. H. P. MOTT seconded the vote of thanks, 


which was carried unanimously with acclamation. 


Mr. H. W. BOWEN moved a vote of thanks to the 
President for the excellent work which he had done. 


Of all the excellent Presidents which the Institution 
had enjoyed, none had been better than Lord 
Halsbury. 

A vote of thanks was due to the President not 
only for having presided over the meetings of 
Council during the year, but also for the excellent 
work which he had done for the Institution 
generally. 


The vote of thanks was carried by acclamation. 


The PRESIDENT, in response, said it had been 
a pleasure to serve the Institution as President. He 
asked members to bear in mind that before he 
became President, others had laboured in the field, 
and when he ceased to be President, others would 
continue so to labour. It had fallen to his lot to be 
the figurehead during an important period. But 
there were others before and there would be others 
after. 


The meeting then terminated. 





A Report of the 


Meeting of Council, which took place 


prior to the Annual General Meeting, 


together with a list of Elections and Transfers, 


appears on pages 155 - 157. 
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In this Paper, 

Dr. Trent sums up the work 
of a number of years 

on tool wear, 

and puts forward 

a fresh approach to 

the problems of metal cutting 


tool wear 
and 


machinability 


by E. M. TRENT, Ph.D., M.Met. 


Senior Metallurgist, 
Hard Metal Tools Ltd. 


i the term machinability is used 
very widely and, from a practical point of 
view, it is readily understood what is meant when 
one material is declared to be more machinable than 
another, there is no general agreement on a 
definition of machinability!. It can be used to 
mean the ease of machining in terms of the power 
consumed under some standard conditions of 
cutting, or the degree of perfection of surface finish 
which can be obtained in machining the material, or 
it can be related to the tool life or rate of tool wear 
when the material is being cut under some standard 
conditions. 

Each of these aspects is an important feature of 
what the practical man means when he refers to 
machinability. However, if materials are classified 
in terms of any one of these factors, they do not 
always fall in the same order as when classified in 
terms of the other factors. There have been many 
attempts to prepare an index or parameter express- 
ing machinability in terms of a single figure based 
on one of the above factors, or on some other 
measurement such as the temperature at the 
cutting edge of the tool, or the cutting force 
measured on a tool dynamometer. Any such index 
is likely to be of limited value because it is too 
one-sided. It may be found to be very useful when 
applied under one set of machining conditions but 
to break down when applied under another, even 
if this involves a relatively small change such as 
from cutting dry to cutting with a lubricant. 
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Attempts to simplify and clarify the problem of 
machinability have always come up against this 
problem of the complexity of the subject. When 
considering all classes of machining operation, the 
number of variables is so great that if all of these 
must be considered at once and given equal weight, 
the result is confusion. But if the problem is 
simplified to one important variable, the answer is 
grossly one-sided. 

This Paper derives from work on the wear of 
carbide tools. In carrying out this work, and in 
attempting to put the results into significant order, 
a method was adopted which proved to be of 
considerable value in summarising the accumulated 
information on tool wear when using a variety of 
tool and work materials. 

Cutting speed and feed rate are variables of 
prime importance which must be taken into 
consideration in almost any cutting operation. A 
chart showing important features of tool wear 
occurring over a wide range of cutting speed and 
feed can be prepared for any combination of tool 
and work material, keeping other conditions 
constant. This enables a general picture, easily 
remembered, to be formed of the types of wear 
occurring. Also it enables a comparison to be 
made between the performance of tool materials or 
between the machinability of different work 
materials not merely under one set of conditions, 
but over a range, by directly comparing these charts. 
It has been found that, by studying tool wear in 
this way, much information, apparently contra- 
dictory, falls into place in a consistent pattern. 

This Paper therefore has a double purpose — to 
present the results of work on tool wear and to 
submit a method of presenting these which offers a 
new approach to problems of machinability. 


tool wear 


The wear occurring on a large number of cutting 
tools from many different machine shop applications 
has been carefully observed under the microscope 
over a period of several years. The tools studied 
have been almost exclusively cemented carbide and 
the conclusions reached can be applied to other 


tool materials, such as high speed steels, only if due 
consideration is given to the major differences in 
the materials and in the way they are used. 
Observation of worn tools, and laboratory experi- 
ments, have shown that there are a number of 
qualitatively different forms of wear or deteriora- 
tion of the cutting edge of the tools 2, which arise 
from different causes and which must, therefore, 
be considered separately. Frequently it is assumed 
that the wear on the flank or clearance face of the 
tool is the only form of wear which it is necessary 
to consider. Performance of tools is often assessed 
on the basis of tool life versus cutting speed curves 
in which tool life is defined as the time required to 
produce a wear land of some definite depth, e.g. 
.030 in. on the clearance face of the tool. 

It is true that, in most cases where cutting condi- 
tions are good, wear on the flank of the tool is the 
predominant form of wear. This does not mean, 
however, that other factors can be ignored. 

It is often found, for example, that the maximum 
usable cutting speed or feed is limited by the ability 
of the tool to withstand deformation under the cut- 
ting stresses and temperature involved, or that des- 
truction of the cutting edge of a carbide tool has 
resulted from the effect of the built-up edge 
because the cutting speed is, perforce, too low. Wear 
on the flank is, therefore, not the only important 
form of deterioration. 

In the first part of this Paper the most important 
forms of wear and deterioration are discussed, and 
methods are explained by which each can be 
investigated separately. These forms of deterioration 
are : 


1. Flank or clearance face wear. 

2. Cratering wear on top or rake face of the tool. 

3. Build-up and associated deterioration of rake 
surface and cutting edge. 

4. Deformation of cutting edge due to high 
stress and temperature. 

5. Cracking at the cutting edge due to thermal 
stresses. 

6. Chipping of the edge or fracture due to 


mechanical impact. 
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Dr. Trent studied metallurgy at the University of Sheffield where he took the degree 
of B.Met, in 1933. He was awarded the degree of M.Met. for work on heterogeneity in 
steel ingots and in 1937 was awarded a Ph.D. for research on the ageing of mild steel. From 
1937 to 1942, he was employed by the Safety in Mines Research Board on investigations 


connected with wire ropes in mines. 


Since 1942, when he took up employment with Hard Metal Tools Ltd., (an associated 
Wickman company) he has been engaged in research and development work on hard metals 
and other metal powder products. He is the author of a number of Papers on cemented 


carbides and on their use as cutting tools, 
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carbide tool materials 


In this Paper only ferrous work materials (cast 
iron and steel) have been considered. Two main 
classes of carbide alloy tools were used — the class 
of hard metal normally used on cast iron, consisting 
of tungsten carbide and cobalt and the class used 
for cutting steel, which contains tungsten carbide, 
titanium carbide and cobalt. There are many 
varieties of these two classes of carbide tool alloy 
produced by different manufacturers for different 
applications. These vary in the proportions of 
cobalt and titanium carbide and some contain other 
carbides such as those of tantalum and _ niobium. 
They vary also in grain size. For the purposes of 
this Paper, and to avoid making the subject unduly 
complex, only the two main classes of alloy will be 
referred to in most cases. In the tungsten-titanium 
carbide tools two carbide phases are present in the 
structure — tungsten carbide and a solid solution of 
tungsten carbide in titanium carbide which is often 
referred to as the ‘“‘mixed crystal” phase. 


flank or clearance face wear 


This form of wear is important in a_ large 
majority of cutting applications. It is progressive 
with time and the rate of wear is easily estimated 
by measuring under a microscope the depth of the 
wear land from the original cutting edge. The only 
difficulties encountered in measuring are that 
sometimes the worn surface is covered with a 
thin layer of the work material which obscures the 
cutting edge or the lower limit of the wear land, 
and sometimes the cutting edge has crumbled 
away. Steel or iron layers left on a carbide tip can 
easily be dissolved in acid leaving the surface 
practically unaffected. (This technique could not be 
used with high speed steel tools). If the tool edge 
was carefully prepared the remaining unworn part 
of the cutting edge can be used as a datum to 
measure the wear, if the worn part of the edge has 
crumbled. 


In general, the rate of flank wear rises with 
increasing cutting speed but the effect of increasing 
feed is very variable, and it does not appear 
possible to give any general rule on the effect of 
feed rate. When speed and feed are increased to the 
limit where the cutting edge begins to deform, the 
rate of flank wear normally increases rapidly — this 
will be dealt with later. Under conditions where 
a built-up edge is present, the rate of wear when 
cutting steels is often erratic and, even in 
laboratory tool tests, reproducible results may not 
always be obtained. Under these conditions the 
presence of a cutting lubricant may have a very 
pronounced effect in decreasing or increasing the 
rate of flank wear. 


The rate of wear is considerably affected by the 
tool geometry. In particular, increasing the clear- 
ance angle will often markedly decrease the rate 
of wear expressed in terms of the depth of the wear 
land. The depth of cut, however, has very little 


effect on the rate of flank wear unless it is increased 
to a limit where the tool deforms. 


When cutting clean metal, the wear land is often 
lightly grooved but even and smooth and the rate 
of wear is fairly consistent. In a very large number 
of aplications, rough forged or cast surfaces are cut 
and this introduces variables which may be over- 
whelmingly large. Sand pockets at the surface of 
castings may cause as much wear in a few minutes 
as several hours of cutting in clean metal. Even in 
the absence of actual sand pockets, the surface skin 
on an iron casting or the scale on a forging can 
considerably increase the rate of wear on the tool. 


Instead of being even, the wear land may be 
regular in parts but broken by deeper tongues of 
wear (Fig. 1). It is usually found that such points of 
accelerated wear are caused either by chipping of 
the edge or by cracks across the edge of the tool. A 
deep tongue of wear is sometimes formed from the 
point where the surface of the work piece intersects 
the cutting edge. There are several possible explana- 
tions for this. One is that the built-up edge flows 
to this point and -causes excessive wear by its 
extreme hardness 3. Localised wear at several times 
the average rate may also occur at the trailing edge 
(end clearance), and there may be several grooves 
corresponding to the feed marks on the work 
material. Recent investigations 4,5, suggest that 
work hardening of the work surface plays a part in 
increasing the rate of wear at this position. 


It is often stated that cutting tools ought to be 
re-ground when the depth of the wear land reaches 
some definite figure, e.g., .030 in. If regrinding is not 
carried out at this stage serious breakdown of the 
tool may occur. The reason for this appears to be 
associated with the formation of thermal cracks due 
to the stresses involved when too large an area of 
worn surface is being heated by friction. An 
example of the type of cracks formed is shown in 
Fig. 2. A tool in this condition is liable to fail by 
sudden break away of a relatively large fragment. 
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Fig. 1. Flank wear with uneven tongues of wear (X20). 
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Fig. 3. Worn flank surface — smooth; tungsten-titanium 
carbide tool (X1500). 
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Fig. 4. Worn flank surface, many grains torn out; tungsten- 
titanium carbide tool (X1500). 
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If the worn flank surfaces are examined micro- 
scopically some crumbling of the cutting edge is 
often visible within a few tenths of a thousandth of 
an inch of the edge, but most of the worn surface 
is usually relatively smooth when viewed at low 
magnification. At high magnification either all the 
carbide grains can be seen to be worn through 
smoothly (Fig. 3) or some of the grains are 
smoothly worn and the remainder torn away 
(Fig. 4). The surface may have any degree of 
roughness, from the perfectly smooth to that in 
which only a few grains are smoothly worn. The 
type of surface formed depends on the carbide tool 
alloy, the work material and the cutting speed. 
While the worn surfaces are generally smoother 
when tungsten carbide cutting tools are used than 
when other carbides are present, there is no direct 
evidence that mixed crystal grains are torn away 
and tungsten carbide grains are preferentially worn 
through. The worn surfaces tend to become 
smoother as the cutting speed increases. Micro- 
examination has so far thrown little light on the 
nature of the wear processes involved on the tool 
flank. 


cratering type wear 

A typical form of wear on cutting tools is the 
“crater” formed on the top or rake surface of the 
tool at a short distance from the cutting edge 
(Fig. 5). It is well known that, when cutting steel 
with tungsten carbide tools at high speeds, cratering 
rapidly weakens and destroys the tool. The dis- 
covery that the addition of a small percentage of 
titanium carbide or other carbides could greatly 
reduce the rate of cratering wear was one of the 
major developments in carbide tool alloys. 

In a previous Paper ® a theory was put forward 
to account for cratering wear in steel cutting at high 
speeds and for the part played by titanium carbide 
in resisting this form of wear. The basis of this 
theory was that, at the very high temperatures 
reached at the tool-chip interface, the steel alloyed 
with, and probably actually fused with the tungsten 
carbide, the alloyed layer being carried away with 
the chip. Titanium carbide provided much protec- 
tion because at such high temperatures it alloyed 
with the steel much less readily. Subsequent research 
has tended to confirm this theory, although it is 
open to question whether the local temperatures 
reach the fusion point. 

It is quite possible for a groove very similar in 
appearance to be formed when machining at low 
cutting speeds under some conditions of cutting, 
but this form of wear is associated with a built-up 
edge and is different from high speed cratering both 
in its cause and in the fact that it cannot be retarded 
by the addition of titanium carbide to the tool 
alloy. Thus it is important, not only theoretically 
but from a practical point of view, to be able to 
identify the high speed form of cratering wear. This 
can usually be done by examining the worn surface 
under a microscope at high magnification after 
removing any adhering metal films in acid. Figs. 6 
and 7 show typical worn crater surfaces (X 1500) 
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of tungsten carbide and tungsten-titanium carbide 
after cutting steel at high speeds. In Fig. 6 all or 
nearly all the tungsten carbide grains are smoothly 
worn through and the surface is slightly rippled. In 
Fig. 7 the “mixed crystal grains” (solid solution 
of tungsten carbide in titanium carbide) project 
from the surface, the tungsten carbide grains being 
“dissolved” away from between them. The term 
“cratering”, as used in this Paper, means the type 
of wear occurring at high speeds and identified by 
the surface appearance as described. 

Measurement of the amount of cratering is not 
so simple as the measurement of flank wear, since 
the area and contours of the cratered surface vary 
greatly with different feeds, tool and work materials 
etc. For many test purposes, however, the important 
requirements are to determine whether the wear is of 
the cratering type or not, and to estimate from a 
short time test whether the rate of cratering is such 
that it will affect the tool life under the conditions 
being used. An experienced observer can usually 
estimate the latter by measurement of the maximum 
crater depth, which can be done with a microscope 
or by means of a surface-finish measuring instru- 
ment. 

At low cutting speed and feed, cratering does 
not occur even when machining is carried on for a 
prolonged period. If the cutting speed is increased, 
a speed is reached at which cratering wear starts, 
and when this speed is reached the first signs of 
cratering wear can be seen on the tool after a very 
short period of cutting using a suitably prepared 
tool. As higher speeds are used, cratering wear 
becomes progressively more severe. 

From examination of worn tools it was clear that 
variables other than speed and feed — for example 
top rake and approach angle — have quite a large 
effect on the rate of cratering wear while others — 
for example depth of cut, clearance angle and the 
use of cutting lubricants — have a relatively small 
effect. There is, however, much to be learnt as to 
the effect of these variables on cratering wear. 


built-up edge 

The built-up edge consists of work material welded 
to the rake surface and cutting edge of the tool 
under some conditions of cutting. Its occurrence has 
been discussed in a very large number of Papers 
and articles 7,8,9,10,11 since it can have a very 
big influence on tool life and surface finish. Like 
cratering, it is not an easy thing to measure, since 
the size and shape of the built-up edge varies 
greatly with the tool and work material as well as 
with tool geometry, cutting speed and feed, etc. The 
difficulty is greater than with cratering, however, 
since in many cases the built-up edge is removed 
from the tool with the chip, or broken off in 
handling the tool before it can be examined. 

It is also necessary to investigate how far any 
built-up edge observed on the tool is a result of the 
last few seconds or fraction of a second cutting as 
the tool is being withdrawn, and how much it 
represents a condition which was present during the 
cutting process. In the second section of the present 








Fig. 5. Crater wear on rake surface of tungsten carbide tool 
(X10). 








Fig. 7. Crater surface of tungsten-titanium carbide tool 
(X1500). 
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Fig. 10. Forms of built-up edge on tools used for cutting 
cast iron. 
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Fig. 8. Section through cast iron chip showing structure (X300). 































Fig. 9. Section through cast iron built-up edge on carbide 
tool (X1500). 


work, tools cutting a number of different ferrous 
materials under a variety of conditions were 
examined with special attention to the built-up edge. 
In a number of cases, metallographic sections 
through the built-up edge and tool were prepared 
and thoroughly examined. As a result of this work 
a number of conclusions have been drawn as to the 
part played by the built-up edge during the cutting 
process. 

In many cases, particularly at low cutting speeds, 
the evidence strongly suggests that the built-up edge 
is present semi-permanently during the cutting 
process. By this is meant that metal of the shape 
of the built-up edge is present but that the material 
of which it is composed is continuously flowing. The 
outer layers flow rapidly and are constantly being 
removed and replaced. The inner layers flow more 
slowly and in many cases it is probable that the 
metal actually in contact with the tool surface does 
not move over this surface at all. 

These conclusions are drawn from a number of 
observations. 


1. That the built-up edge observed is something 
which exists during the cutting process and is 
not formed during withdrawal of the tool is 
shown by its reproducibility. Under one set of 
conditions one type of build-up is formed while 
if, for example, the speed is increased, a 
different type of build-up is _ consistently 
observed, and with a further increase in speed 
no build-up at all. There is good correlation 
between the size and type of the built-up edge 
and the roughness of the work surface and the 
under side of the chip. 


2. The characteristics of the flow in the built-up 


edge are deduced from the structures observed 
in the metallographic sections studied. These 








show clearly the lines of flow of the metal and 
that the metal has been plastically deformed to 
an extreme degree. Often in the built-up edge 
no trace of the original structure of the work 
material remains, with the exception of frag- 
ments of certain very hard constituents. This 
is a very much greater degree of plastic de- 
formation than that in the bulk of the chip 
which is normally relatively slightly deformed 
— compare Figs. 8 and 9 which show 
the structure of a chip and of the built-up edge 
formed when cutting a cast iron. Only the 
extreme under-surface of the chip for a few 
tenths of a thousandth of an inch is ever dis- 
torted to the same extent. Such complete 
destruction of the structure could only occur 
by extreme distortion at relatively high 
temperatures. 


3. That the surface of the built-up edge in contact 
with the tool is, in many cases, stationary is 
suggested by the fact that, when the build-up 
is removed in acid, the tool surface beneath 
often shows no evidence of wear even when 
microscopically examined at the highest magni- 
fication. In other cases a definite scoring, 
grooving or pulling out of fragments from the 
tool material shows that there has, in these 
cases, been relative movement of the work 
material over the tool surface. 


Although there is much variety in the forms 
taken by the build-up, there are certain definite 
trends which are shown best in the case of cast iron. 
The largest built-up edge is formed at low cutting 
speeds, and the form is that of a fairly sharp ridge, 
thickest at the cutting edge as shown diagrammati- 
cally in Fig. 10a. As the cutting speed is increased 
the form of the build-up changes as shown in Figs. 
10b and 10c and eventually it disappears entirely. 
While with steels, the succession of forms is not so 
definite, a similar trend is often observed and 
always a limit, dependent on speed and feed, is 
reached above which no definite built-up edge is 
observed and only very thin layers of metal are 
found adhering to the tool surface. Surface finish is 
closely related to the occurrence of the built-up edge 
and its shape and size. 


The built-up edge may be either harmful or 
beneficial to the tool, depending on conditions. In 
the case of cast iron it is usually beneficial and it is 
normal to cut cast iron under conditions where a 
built-up edge is formed. Under these conditions the 
build-up largely protects the top surface from wear 
and reduces the rate of wear on the tool flank. 


There are cases in cutting steel when the 
presence of a built-up edge may be beneficial, but 
more often it reduces tool life in one of at least 
three different ways. If the conditions of cutting 
are such that the built-up edge is apt to be broken 
away at the end of the cut, it frequently occurs that 
small fragments of the cutting edge are broken away 
with it. This can lead to very rapid break-down of 





Fig. 11. Cutting edge of tool damaged by breakaway of 
built-up edge (X15). 


the tool. An example of such a damaged cutting 
edge is shown in Fig. 11. 

While the built-up edge may protect from wear 
the tool material immediately beneath it, under 
some conditions there may be rather severe wear 
in the form of a groove at its outer edge, as shown 
diagrammatically in Fig. 12. This type of wear is 
similar in appearance to high speed cratering, but 
it is important to distinguish between the two, since 
this type of wear cannot be prevented or reduced 
by the use of titanium in the tool alloy. Fig. 13 
shows both tungsten carbide and mixed crystal 
grains equally worn through on such a worn surface 
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Fig. 12. Built-up edge and grooving of rake surface at low 
cutting speed. 
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Fig. 13. Worn rake surface of tungsten-titanium carbide tool 
after cutting at low speed (X1500). 


CRACKS 
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Fig. 14. Diagram illustrating formation of cracks due to 


difference in coefficient of expansion between carbide tool 
and steel built-up edge. 








Fig. 15. Interference fringes showing removal of flake from 
rake face of tool (X20). 
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Fig. 16. Damage to rake face of tool caused during machining 
Nimonic alloy (X15). 


and should be contrasted with Fig. 7 which 
shows a surface subjected to high speed cratering. 
This form of wear, which can be termed grooving, 
can be avoided by eliminating the built-up edge, for 
example by increasing speed or feed. 

The built-up edge can also cause severe damage 
in another way. The co-efficient of thermal expan- 
sion of carbide tool alloys is considerably lower than 
that of steel. When a large built-up edge is welded 
to the rake surface of the carbide tool under such 
conditions that the strength of the weld is high, the 
greater contraction of the steel during cooling, 
when the tool is disengaged, may cause cracks to 
form in the carbide from the edge of the build-up, 
as shown diagrammatically in Fig. 14. These cracks 
can be seen when the steel is dissolved in acid. 
Fig. 15 shows how such cracks can lead to the 
removal of relatively large “flakes” of carbide from 
the tool surface. In this case the tool had been 
lapped nearly optically flat before use. When the 
built-up edge was dissolved, the rake surface of the 
tool was placed on an optically flat glass plate and 
the interference fringes show the contours of the 
surface. This type of damage is more severe where 
the weld is strong and the co-efficient of expansion 
of the work material is high. These conditions are at 
their worst with austenitic steels and alloys of the 
Nimonic type. Typical damage of this sort is shown 
in Fig. 16. 

If tests are carefully carried out and the tools 
examined under the microscope by an experienced 
observer, a short time test should be sufficient to 
determine whether build-up is formed under any 
one set of conditions, since the build-up does not 
appear to change greatly with cutting time. 

There is much work to be done to determine how 
factors such as tool geometry (in particular the 
rake angles) and cutting lubricant influence the 
shape and size of the built-up edge and its effect on 
tool wear. 











Fig. 17(a). Interference fringes on flank surface of tool before 
test (X40). 


deformation 


As the cutting speed is increased, the tool close 
to the cutting edge becomes hotter. As the feed 
rate is raised, both the temperature of the tool tip 
and the cutting force are increased. This has been 
shown in the published work of many workers in 
this field 12,13. With many work materials, a 
limit is reached above which the tool begins to 
deform under the influence of temperature and 
pressure. Such deformation has been mentioned in 
several publications both on high speed steel tools 
and carbide tools 14, 15. One of the main advantages 
of carbide over high speed steel tools is the 
much higher resistance to deformation at higher 
temperature, which enables them to be used for 
cutting at much higher speeds. The resistance of 
the tool to deformation may be the property on 
which depends the upper limit to the cutting speeds 
and feeds which can be used and it is therefore of 
importance. 


A method of investigating deformation has been 
developed. The clearance face of the tool tip is 
lapped optically flat or nearly so. After cutting for 
a definite time, the tip is cleaned, its clearance face 
is then placed on an optical glass flat and examined 
under monochromatic light. When tool deformation 
begins, the rake surface of the tool is forced down 
and a corresponding bulge appears on the clearance 
face just below the cutting edge. Such deformation 
is shown as a pattern of interference fringes which 
reveals the position and shape of the deformed zone. 
This is illustrated in Figs. 17(a), 17(b) and 17(c) 
which show the optical interference fringes on a 
tool as prepared and after cutting at successively 
higher speeds, other conditions remaining the same. 


When the amount of deformation is small, the 
effect on tool life is negligible. Under these condi- 
tions the deformation increases only slowly with 
time if the cutting conditions remain constant. When 
deformation becomes severe, however, it leads to 
very rapid failure of the tool. 





Fig. 17(b). Same after cutting for one minute at moderate 
speed (X40). 


oo ae 





Fig. 17(c). Same after cutting for one minute at higher 
speed (X40). 





Fig. 18. Crack on rake face of tool due to deformation (X100). 
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Fig. 19. Accelerated wear at nose of tool due to deformation 
(X10). 


That deformation occurs at all on carbide tools 
shows that these tool materials can be deformed 
plastically without failure. However, the amount 
of plastic deformation which they can withstand is 
limited. The rake surface of the tool is being elon- 
gated and eventually failure may occur starting 
from a crack or cracks formed on this surface as 
shown in Fig. 18. 

Under less severe conditions, deformation may 
lead to premature failure for another reason. The 
bulge on the clearance face may be of such a form 
that the clearance angle is greatly reduced, and 
flank wear thereby much increased. This leads to 
rapid failure, usually concentrated at the nose of 
the tool. Often on tools with a ground surface, 
deformation is not easy to observe but excessive 
wear at the nose of the tool, such as that shown in 
Fig. 19, suggests that deformation is the cause of 
rapid wear. 

Apart from speed and feed the amount of defor- 
mation depends on depth of cut, and tool geometry 
among other factors. Increasing depth of cut gives 
increased deformation if the other conditions remain 
the same. As regards tool geometry, the deformation 
appears to be particularly related to the nose radius 
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Fig. 20. Thermal cracks from the cutting edge on ‘rake face of 
carbide tool (X12). 
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of the tool, since this is the position from which the 
heat generated at the friction surfaces is least rapidly 
conducted away. The smaller the nose radius, the 
hotter is the tool at the nose and the greater the 
amount of deformation. The grade of carbide tool 
is of importance in resistance to deformation. The 
harder grades of carbide are more resistant than the 
softer, tougher alloys. 

If coolants could be applied sufficiently close to 
the cutting edge, they might greatly reduce defor- 
mation. As normally applied it is doubtful whether 
they have any appreciable effect. This is a subject 
for further investigation. 


thermal cracking and mechanical chipping 


The four factors which have been discussed — 
flank wear, cratering, the built-up edge and defor- 
mation—are all of great importance when consider- 
ing the wear of carbide tools and the machinability 
of ferrous materials. There are other characteristic 
features of worn cutting tools in particular appli- 
cations and these may become so important that 
other forms of wear can be ignored. ‘Two such 
features are thermal cracking and mechanical 
chipping. 

Thermal cracks are so called because they appear 
to arise from the stresses caused by local expansion 
and contraction of the tool material where it is 
subjected to rapid changes of temperature and 
severe temperature gradients. Typical thermal 
cracks, as shown in Fig. 20, start from the cutting 
edge and form on planes normal to the edge. These 
cracks are usually quite short and often cause no 
loss of tool life, but they are undesirable since they 
may give rise to stress concentration leading to 
fracture of the tool. 

They occur most frequently where the depth of 
cut is large (greater than approximately in.) or 
where a relatively long cutting edge is engaged. 
They also appear to be most severe in milling cutters 
where very frequent interruption of cut results in 
rapidly fluctuating temperatures at the tool edge. 
So far, however, relatively little seems to be known 
about this type of failure. 

Mechanical chipping of the cutting edge is an 
all-too-frequent cause of failure. While the tool is 
actually cutting, the portion of the cutting edge 
which is embedded in the metal is unlikely to be 
damaged by mechanical chipping. Damage is most 
likely to occur when engaging or disengaging the 
tool, or by action of the swarf on the part of the 
tool edge not engaged in the cut, or by careless 
handling. 

Where the cutting edge is chipped, subsequent 
cutting on this portion of the edge may lead to 
rapid tool failure, since the chipped portion of the 
edge may act as a tool with excessively large 
negative rake and cause severe rubbing rather than 
cutting. This can be dealt with in practice by 
eliminating the cause of chipping, by stoning the 
cutting edge of the tool, or by using a tougher 
grade of carbide. It is a factor which should be 
reduced to a minimum in such ways but it is not 
subject to any general laws relating it to speed, feed, 








etc. Its general effect is to contribute to the scatter 
in performance figures which is such a pronounced 
feature of the life of cutting tools in service in the 
machine shop. 


laboratory tool tests 


The wear features described are those observed 
on tools used in practical applications. Observation 
of tools from the machine shop was supplemented 
by a few laboratory lathe tests and the useful infor- 
mation obtained suggested that a series of short 
time cutting tests over a wide range of speed and 
feed in the laboratory, followed by thorough exami- 
nation of the tools, would be of value. The second 
half of this Paper contains the results of these tests. 
The methods of testing and the procedure used were 
as follows : 


tool geometry 


Top rake... Ss +o 
Side clearance és 6° 
Approach angle... 15° 
Nose radius ... re dy in. 


For the success of the method of testing used here, 
it is essential that the tool geometry should be 
“maintained constant within close limits. The per- 
fection of the cutting edge and the flatness and finish 
of the rake and clearance faces are important. 


test procedure 


Clean metal only was cut. The depth of cut was 
maintained constant at 0.080in. and the cutting 
time was | minute, except for a few tests related to 
flank wear. No coolant or cutting lubricant was 
used. The cutting speed was varied from a mini- 
mum of approximately 40 ft./min. to a maximum 
depending on the material being cut. The feed was 
varied between .0029 and .0255in. per rev. Steel 
or iron bars from 23 to 5 in. diameter by 30 in. long 
were turned in a Caze Neuve lathe, and normally 
all the tests could be carried out on one bar of 
each material. 


examination of tools 


After cutting, the built-up edge, if any, was 
examined and photographed when necessary. All 
adhering steel or iron was then dissolved in acid to 
reveal the clean carbide surface. The clearance face 
wear was photographed and measured, the rake 
surface was examined microscopically and_ the 
clearance face was inspected for deformation. 


method of recording results 


When a series of tests over the range of cutting 
speed and feed had been carried out, the results 
were plotted on a chart with the cutting speed as 
vertical axis and the feed per revolution as the 
horizontal. The regions on the chart in which the 
various type of wear occurred, were defined by a 
series of lines. For example, it was found that a line 
could be drawn on the chart below and to the left 








of which build-up occurred on the tool while above 
and to the right no build-up was found. Similarly 
with cratering and with deformation, lines could be 
drawn above and to the right of which these forms 
of deterioration were first noticed or became severe. 

The lines defining the conditions under which 
cratering or deformation became severe are, to some 
extent, arbitrary. However, the error introduced on 
the charts by this is not great since, with both 
cratering and deformation, a point is reached where 
a further relatively small increment in cutting speed 
leads to very rapid breakdown, and with experience 
this point is not difficult to detect in a series of tests. 
The accuracy with which the lines can be located 
varies somewhat but is normally better than + 10°/, 
in cutting speed (e.g. between 90 and 100 ft./min. 
at a nominal 100 ft./min., or between 900 and 1100 
ft./min. at 1000 ft./min.) and may be as good as 
+ Fx. 

When such a chart was plotted on a scale with 
rectilinear co-ordinates, a series of curves was 
formed 16, giving a rather complicated pattern. If 
logarithmic co-ordinates were used, however, these 
curves approximated to straight lines in most cases 
within the limits of experimental error. This method 
of plotting the results of the tests appears to present 
the rather complex accumulation of data in its 
simplest form, and has been adopted for the charts 
presented here. 

From the tool and work materials so far tested 
those considered in this Paper have been selected to 
illustrate a number of types of diagram obtained 
with different ferrous alloys, and to show how these 
diagrams can be used to present different aspects of 
machinability and tool wear. 


results of tool tests 


Charts for the following tool and work materials 
are given : 


Fig. Tool Material Work Material 

21 Tungsten-titanium carbide En8-‘‘40” carbon steel, 
normalised 

22 Tungsten carbide En8-“40” carbon steel, 
normalised 

23 Tungsten-titanium carbide En24 14% Ni-Cr-Mo 
steel, normalised 

24 Tungsten-titanium carbide En24 14% Ni-Cr-Mo 


steel, heat treated 


25 Tungsten carbide Meehanite GA-Pearlitic 


grey iron 

26 Tungsten-titanium carbide Meehanite GA-Pearlitic 
grey iron 

27 Tungsten-titanium carbide Martensitic stainless 
steel (12% Cr) 

28 Tungsten-titanium carbide Austenitic stainless steel 
(18% Cr, 8% Ni) 

29 Tungsten-titanium carbide Ninomic 80 

30 Tungsten carbide Free-cutting mild steel 
(0.24% S) 

31 Tungsten-titanium carbide Free-cutting mild steel 
(0.24% S) 
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The main features of these charts will now be 
considered. 


“40” carbon steel — En8 — normalised 

The chart for this steel when machined with a 
tungsten-titanium-carbide tool is given in Fig. 21. 
Heavy build-up occurs at speeds and feeds under 
the solid line. It is clear that the occurrence of the 
built-up edge depends on both speed and feed. At a 
feed of .020 in. per rev. the built-up edge disappeared 
when the cutting speed was greater than 70 ft./min. 
but at .005 in. per rev. it did not disappear until the 
speed exceeded 170 ft./min. 

The disappearance of a large built-up edge 
coincided with the appearance of cratering type of 
wear on the rake surface of the tool. The typical 
cratering form of wear occurred, but the rate of this 
wear was low and it was not until much higher 
speeds were reached that cratering became so severe 
as to be a major factor in causing break-down of 
the tool. In the case of this steel, the occurrence of 
rapid cratering limited the maximum cutting speed 
which could be used, as is clearly shown on the 
graph. For example at .010 in. feed per rev. crater- 
ing became severe at about 900 ft. per minute. 

Deformation was first detected at considerably 
higher speeds than cratering, and it will be noticed 
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that the slope of the line denoting the beginning of 
deformation is greater than those of the other lines 
on the graph. This is a general feature of all the 
graphs and indicates that feed rate is a more 
important factor in deformation than in cratering. 
Deformation is most likely to be a serious factor at 
high feed rates and is unlikely to be a cause of 
failure at low feed rates, e.g., .001 - .005 in. per rev. 
In the case of this steel, deformation did not become 
severe under the conditions of this test, but it is 
quite possible that it would do so at higher feed 
rates or with a smaller nose radius on the tool, etc. 

It is clear that it is undesirable to machine En8 
with this class of tool under conditions below the 
solid line where heavy build-up is likely to cause 
fracture and erratic tool life, or above the line at 
which cratering becomes rapid. The most favourable 
range for cutting lies between these two lines, and 
in this range tool wear should consist largely of 
smooth flank wear, the rate of which will depend 
mainly on the cutting speed. The most economical 
speed for any particular cutting operation will 
depend on a number of specific features associated 
with that particular operation. 

These charts are based on data in the feed range 
between .003 and .025 in. per rev. A certain amount 
of extrapolation is permissible, but this should be 
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Fig. 21. Chart for En8 

‘ steel cut with tungsten- 

titanium carbide tools 
(Wimet XL3). 
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done with caution since other factors may intervene 
to prevent the lines.on the graphs continuing to be 
straight at very low or very high feed rates. Also, 
the very low speeds — below 40 ft./min. — have 
not been explored and new wear features may 
occur in this region. 

The chart for this steel when machined with a 
tungsten carbide tool is given in Fig. 22. A large 
built-up edge occurred up to slightly higher speeds 
than with the tungsten-titanium-carbide tool, though 
the difference was not great and the slopes of the 
lines were very nearly the same. When build-up 
occurred it was heavier and more likely to cause 
damage to the tool. 

Cratering type of wear started at speeds rather 
above those at which the large build-up disappeared 
and above those at which it first occurred with 
tungsten-titanium carbide tools. For example, at 
.005 in. feed it was first noted at under 200 ft./min. 
on the tool with titanium carbide, but not until 
300 ft./min. on the tungsten carbide tool. This is 
of more theoretical than practical interest, however, 
since at these speeds the small amount of cratering 


Fig. 22. Chart for En8 
steel cut with tungsten 
carbide tools (Wimet N). 
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wear which occurred was not harmful to the 
tungsten-titanium carbide tool. As the cutting speed 
was further increased, cratering on the tungsten 
carbide tool became rapidly more severe and the 
upper limit of the useful cutting speed is defined by 
the line at which cratering became severe. These 
speeds were very much lower than those for the 
tungsten-titanium carbide tool — for example, 300 ft. 
per minute as compared with 900 ft. per minute at 
.010 in. feed. 

The speeds at which cratering became severe 
were so low that deformation was not detected in 
any of these tests; and therefore played no part at 
all in tool breakdown in the range tested. 

In comparison with tungsten-titanium carbide 
tools, the most useful cutting range for tungsten 
carbide, between the build-up and severe cratering 
lines, is very narrow. It is clear that one of the main 
functions of titanium carbide in the cutting tools is 
to raise the maximum cutting speed or feed and 
greatly to broaden the most useful cutting range 
where the tool is subject only to smooth, even flank 
wear. 
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low alloy steel — En24 — normalised 


The chart for this steel cut with a tungsten- 
titanium carbide tool is given in Fig. 23. If this is 
compared with Fig. 21 for En8, it is seen that heavy 
build-up stopped and cratering began at lower 
speeds with En24 than with En8, but that the 
difference was not great and the slopes of the lines 
were similar. 

The main difference in the charts for the two 
steels was that deformation played a much more 
important part in the failure of tools used on En24 
than on En8. With En24, it was severe deformation 
rather than cratering which limited the maximum 
cutting speed which could be used at any feed. The 
most useful range lies between the lower limit set 
by heavy build-up and the upper limit set by severe 
deformation. There is a wide useful range over 
which smooth, even flank wear predominates. 


low alloy steel — En24 — heat treated to 411 V.P.N. 


Fig. 24:is the chart for this steel when cut with a 
tungsten-titanium carbide tool. The main differences 
between this and the chart for the normalised steel 
are in the lower speeds at which heavy build-up 
occurs and the lower speeds at which severe defor- 
mation causes rapid collapse of the tool. For example 
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at .010 in. feed, deformation was severe at 900 ft./ 
min. with the normalised steel and at just over 
350 ft./min. with the heat treated steel. 


Although the maximum cutting speed is lowered 
due to the increased hardness, the minimum speed 
is also lowered by the reduced susceptibility to 
build-up, so that the most useful cutting range is 
still wide, although shifted to lower speeds for any 
given feed rate. 

Severe cratering is not a problem since the tool 
is first destroyed by deformation. The cutting speed 
at which cratering wear first appears is slightly 
lower with the heat treated, than with the normalised 
steel, particularly at high feed rates, but the 
difference is small. 


cast iron — pearlitic grey tron (Meehanite GA) 


Fig. 25 gives the chart for this material, machined 
with a tungsten carbide tool. This can be compared 
with the chart for the low carbon steel machined 
with the same tool material — Fig. 22. 

A large form of built-up edge persists on tools 
used on the cast iron to a higher cutting speed than 
with steel. At speeds somewhat higher than those at 
which this heavy build-up disappears the cratering 
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Fig. 23. Chart for En24 
steel (normalised) cut 
with tungsten - titanium 
4 carbide tools (Wimet 
XL3). 
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Fig. 25. Chart for pearlitic 

cast iron (Meehanite GA) 

cut with tungsten carbide 
tools (Wimet N). 
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type of wear starts, and at still higher speeds this 
rapidly becomes severe and can cause destruction 
of the tool, particularly at the lower feed rates. 
Deformation occurs and becomes a destructive force 
in a similar speed range to cratering, but is more 
important at higher rates of feed. 

From a practical point of view, one of the main 
differences in machining steel and cast iron is that 
the built-up edge is destructive of the tool when 
cutting steel, but protective when cutting cast iron. 
For this reason machining of cast iron is most often 
carried out in the speed/feed range where a 
built-up edge occurs. The upper limit to the useful 
cutting range is set by severe cratering and defor- 
mation, but flank wear is also considerably more 
rapid when no built-up edge is present. 

Fig. 26 is the chart for the same cast iron using 
tungsten-titanium carbide tools. Build-up occurs but 
ceases at about the same speed and feed as when 
cutting mild steel (Fig. 21) and much lower than 
with tungsten carbide tools on the same iron (Fig. 25). 
Cratering type wear starts when build-up dis- 
appears, but the titanium carbide is effective in 
restricting cratering so that it does not become 
a serious form of -wear at the highest speeds 
tested. Deformation starts and becomes severe 
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at nearly the same conditions as with the tungsten 
carbide tools. Flank wear is more rapid at all speeds 





on tools containing titanium carbide. 


stainless steels 


The charts for two stainless steels — a martensitic 
and an austenitic steel — are shown in Figs. 27 and 
28, when cut with a tungsten-titanium carbide tool. 

In the case of the martensitic steel (En56 — 
12% Cr — 230 V.P.N.) the upper speed limit was 
set by deformation and the lower limit by build-up. 
The useful cutting range was rather narrow, and 
build-up, when it did occur, tended to be more 
destructive to the tool than with carbon steels. 
Cratering type of wear occurred, but only at higher 
speeds than on carbon steels, and it did not become 


severe. 


With the austenitic stainless steel (En58 — 18% 
Cr, 8% Ni — 170 V.P.N.) the upper limit to the 
useful range of speed was set by deformation at 


high feed rates and by cratering at low feeds. 


heavy form of build-up, visible after removal of the 
tool from the cut, occurred only at very low cutting 
speeds, but at higher speeds the chip tended to 
adhere very strongly to the tool and to cause very 
severe destruction due to its high co-efficient of 
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Fig. 26. Chart for pearlitic 

cast iron (Meehanite GA) 

cut with tungsten-titanium 

carbide tools (Wimet 
XL3). 
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Fig. 27. Chart for marten- 

sitic stainless steel cut 

with tungsten - titanium 

carbide tools (Wimet 
XL3). 
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Fig. 28. Chart for austenitic 
stainless steel cut with 
tungsten-titanium carbide 


tool (Wimet XL3). 
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expansion as discussed in the section on the built-up 
edge. 

For this reason tool life on austenitic stainless steel 
may be erratic at any speed, but the most useful 
cutting range appears to be a rather narrow one near 
to, and just above, the speeds at which cratering 
begins. 


Nimonic 80 

A chart for Nimonic 80 cut with a tool containing 
a small percentage of titanium carbide (Fig. 29) 
when compared with those for the other work 
materials shows immediately two reasons why this 
alloy is difficult to machine. The maximum possible 
cutting speed, limited by severe deformation of the 
tool, is much lower than for normal ferrous 
materials, even those of much higher hardness at 
room temperature. Deformation of the tool started 
at cutting speeds only just above those at which 
build-up disappeared, under the conditions of these 
tests, so that the useful cutting range was very 
narrow. These difficulties are enhanced by the very 
destructive nature of the build-up, associated with 
the fact that the chip welds very strongly to the 
carbide tools and has a high co-efficient of expan- 
sion, The rate of flank wear is also high. 
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free cutting mild steel 

In contrast to the Nimonic alloys, free cutting 
(sulphurised) mild steel is characterised by a very 
wide cutting range. Figs. 30 and 31 are charts for 
a mild steel containing 0.24°%S when cut with 
tungsten carbide tools and titanium-tungsten carbide 
tools respectively. To illustrate the profound effect 
of sulphur, these should be compared with the 
corresponding charts for a carbon steel of normal 
sulphur content — Figs. 22 and 21. 

The tungsten carbide tools gave a chart (Fig. 30) 
showing some entirely new features. At the lowest 
part of the speed/feed range was an area in which 
no metallic built-up edge occurred. In this region 
the sulphides in the steel appeared really to function 
as a lubricant between carbide and steel. The chip 
and workpiece surfaces were left very smooth and 
the rake surface of the tool was lightly worn with 
dark films on parts of the worn area. This area of 
the chart is bounded by a line which is approxi- 
mately straight and similar in slope to the build-up- 
line. 

Above this line a large built-up edge was formed 
on the tool and existed over a wide range of speed 
and feed accompanied by rough chip and work 
surfaces. In this range there was practically no wear 
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Fig. 29. Chart for Nimonic 

80 cut with tungsten- 

titanium carbide tools 
(Wimet SU). 
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Fig. 30. Chart for high 

sulphur free cutting steel 

cut with tungsten carbide 
tools (Wimet N). 
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sulphur free cutting steel 

cut with tungsten-titanium 

carbide tools (Wimet 
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on the rake surface beneath the built-up edge, but 
at the upper limit of this region, as the built-up 
edge disappeared, a cratering type of wear started 
and eventually became severe, the severe cratering 
line defining the upper useful limit of the tungsten 
carbide tools on this material. 


This upper limit was much higher than for 
tungsten carbide tools on any other steel tested, and 
was even higher than for the tungsten-titanium 
carbide tools on the free cutting steel (Fig. 31). With 
tungsten-titanium carbide tools the chart was of the 
same form and exhibited the same regions. The 
built-up edge, however, never became large and 
existed only in a much narrower region. At the 
lowest cutting speeds the wear was not of the crater- 
ing type on the rake surface, but at the highest 
speeds cratering did occur and severe cratering 
formed the limit of the useful cutting range. It was 
not possible to define a limit where cratering wear 
began. 


The useful cutting range with the tungsten- 
titanium carbide tools on this type of steel is 
extremely wide, covering the whole speed/feed area 
up to the severe cratering line. With tungsten 
carbide tools there are two regions of usefulness at 
high and at low speeds with a region between where 
the built-up edge results in poor surface finish and 
may give erratic tool life. Flank wear rate on the 
tungsten carbide tools was lower than that on the 
tools with titanium carbide, particularly at high 
cutting speeds. 


The effect of sulphur additions on stainless steel, 
particularly the austenitic steel, is also remarkable 
in the way it reduces the destructive effect of the 
built-up edge and broadens the useful cutting range. 


general observations from machining charts 


The tool-work material combinations just des- 
cribed illustrate the usefulness of this type of chart 
in relation to problems of machinability. An important 
aspect of machinability, the range of speed and 
feed over which normal flank or clearance face 
wear is the predominant form of wear and which 
could be called “ the most useful cutting range’, 1s 
particularly clearly shown on these charts. These 
can supplement existing information on rates of 
flank wear. For example, the increased machinability 
of high sulphur steels is not completely expressed by 
figures showing the tool life under some particular 
conditions compared with steel of normal sulphur 
content. The extension of “the most useful cutting 
range” to higher and lower speeds makes these 
materials more adaptable to a whole variety of 
cutting applications. To have a knowledge of the 
wear characteristics over the whole range of speed 
and feed is useful from a practical point of view in 
selecting cutting conditions and tool materials, and 
from a theoretical point of view in providing a new 
method of investigating the metallurgical and other 
factors involved in machinability. 


By surveying the whole speed/feed range the 
charts bring out a number of features which the 
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ferrous materials have in common in relation to 
their machinability, as well as the differences 
between them. The following general observations 
have been made from examination of these charts 
and those for other work materials and cemented 
carbide tools: 


1. Where a built-up edge is formed, this occurs 
in a region of low cutting speed and feed 
whose upper limit is defined by a line which 
is approximately straight on the double 
logarithmic graph. Down to 40 ft./min. no 
lower limit to the existence of the built-up 
edge was found except in high sulphur steels. 
When cutting cast iron, the best results are 
usually achieved by cutting under conditions 
below the line, but with steel tool life is apt 
to be erratic under conditions where heavy 
build-up occurs. With tungsten carbide tools 
the built-up edge is usually larger than with 
tools containing titanium carbide; it is more 
firmly welded to the carbide, persists to 
higher cutting speeds, affords more protection 
to tools turning cast iron, and is likely to do 
more damage to tools turning steel. Since 
surface finish is considerably affected by the 
occurrence of a built-up edge, the charts 
have some relevance to this question also. 


2. The high speed cratering type wear normally 
occurs only above a definite line which lies 
close to the line at which build-up ceases. 
This usually also approximates to a straight 
line with a slope similar to the build-up line 
on the double logarithmic graphs. Above this 
line the rate of cratering wear increases, 
slowly in the case of tungsten-titanium 
carbide tools and rapidly with tools containing 
no titanium carbide. If deformation does 
not intervene, a limit is reached above 
which cratering is so severe as to cause 
breakdown of the tool. This also depends 
on both speed and feed and is defined 
by a line nearly parallel to that at which 
cratering begins. When cutting steel with 
tungsten - titanium carbide tools, there is 
a large field above the build-up line and 
below the severe cratering line where the 
most favourable conditions lie for cutting, 
and in this region tool life should depend 
mainly on the rate of flank wear unless 
deformation intervenes. In tools containing 
no titanium carbide, cratering wear starts at 
higher speeds, but rapidly becomes destruc- 
tive so that favourable conditions for cutting 
lie in a very narrow field. 


3. When cutting cast iron, also, cratering starts 
above the build-up line. With tungsten- 
titanium carbide this is at much the same 
speed and feed as for a mild steel. With 
tungsten carbide, cratering starts at con- 
siderably higher speeds but rapidly becomes 
severe once it starts. As in cutting steel, 








titanium carbide is effective in reducing 
cratering wear to a factor of minor import- 
ance. Since cast iron is usually most efficiently 
cut under conditions where build-up is 
present, the prevention of cratering by 
titanium carbide is seldom required, and 
tungsten carbide tools give the best results. 


4. The lines on the charts which define the 
onset of deformation and the conditions 
under which it becomes severe, also approxi- 
mate to straight lines with a steeper slope 
than those for build-up and cratering. This 
means that deformation is relatively more 
important at high rates of feed. With mild 
steel, deformation was scarcely detected at 
the highest speeds and feeds used. Unlike 
cratering, which seemed little affected by 
hardness of the steel, deformation becomes 
much more important as the hardness (or 
tensile strength) of the work material increases 
and at higher hardness levels (e.g. over 
300 V.P.N.) sets the upper limit to the speed 
and feed which can be used. That Nimonic 
alloys cause severe deformation of the tool at 
low cutting speeds suggests that the strength 
of the work material at higher temperatures 
also influences deformation. 


5. The equations for the lines limiting the 
occurrence of the built-up edge, cratering and 
deformation in relation to cutting speed and 
feed are of the type 


VF"? =K 
where V = _ cutting speed 
F = _ feed rate 


n and K are constants. 


This empirical relationship holds approxi- 
mately for each of these phenomena on 
almost all the ferrous work materials and 
carbide tool alloys tested. The significance of 
this relationship should become apparent 
when more is known concerning the physical 
conditions existing near the cutting edge. 


influence of other variables on machining charts 

Variables other than cutting speed and feed play 
an important part, but many of these can be 
considered in terms of the alterations they would 
make to a machining chart made under a standard 
set of conditions. The above charts were prepared 
on the basis of tests at a depth of cut of 0.080 in., a 
nose radius on the tool of ,!, in., a top rake of 8°, 
etc. 

If other test conditions had been used, the charts 
would not have been identical to the ones presented 
here. They would, in most cases, have had corres- 
ponding areas and lines of demarcation, but the 
lines would have been displaced from the positions 
shown here. The effect of other variables can be 
conveniently described in terms of the displacement 
of the lines. Little has been done so far to explore 
this aspect, but some variables will be discussed 
qualitatively. 


Depth of cut. Increasing depth of cut has little effect 
on the build-up or cratering lines, but a larger effect 
on deformation. The deformation lines are lowered 
and deformation becomes more serious as the depth 
of cut is increased. 

Nose radius. As with depth of cut, the effect on 
build-up or cratering of variations in the nose radius 
is small, but the effect on deformation is to lower 
the lines as the nose radius decreases. With very 
small nose radius deformation occurs at much lower 
speeds and feeds than shown on the charts. 
Approach angle. To increase the approach angle is 
to reduce the undeformed chip thickness and is 
roughly equivalent to reducing the feed rate while 
maintaining a constant approach angle. It could 
be expected to have the effect of pushing the lines 
on the chart to the right by an equivalent amount. 
Top rake. This is known to affect the lines for the 
built-up edge and cratering. A systematic investiga- 
tion into the influence of top rake with different 
work and tool materials would be very valuable. 
Stde clearance. This is unlikely to affect the lines for 
build-up or cratering but increased clearance, by 
weakening the tip, is likely to lower the deformation 
lines to some extent. 


Other variables, less easy to define, are likely also 
to have a considerable effect. For example, all the 
above tests have been carried out in clean metal. 
When cutting through scale, or the surface layers 
of a casting or forging, the tool is cutting material 
very different in character from clean metal and no 
general relationship has been established between 
tool wear in the skin and in clean metal, except that 
tool life is generally shorter and more erratic in the 
skin. 


It has also been found that quite large variations 
in the rate of cratering wear can occur, even when 
cutting clean metal, between two bars of steel 
nominally of the same specification. In many cases 
the cause of such differences in wear rate have not 
yet been determined. It should be mentioned that 
the charts given here are based on the tool wear on 
one bar of each steel. 


flank wear 


No attempt has been made to introduce on the 
charts any indication of the rate of flank wear. This 
is for two reasons. Firstly, flank wear occurs under 
almost all conditions of cutting and does not follow 
the same laws as cratering, build-up and deforma- 
tion. There are often no critical changes in the rate 
or type of flank wear with varying cutting speed 
and feed, except those associated, for example, 
with deformation, which are already delineated. 
Secondly, the charts are based on very short time 
cutting tests and these do not give a sufficiently 
accurate measure of the rate of flank wear over 
longer cutting times to be of value in this connection. 


In these tests, however, the depth of wear on the 
flank of the tools after one minute cutting time was 
measured and some of the results are given here, 
as they illustrate some interesting features. Some of 
these have been checked in longer time cutting tests. 
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Fig. 32. Effect of speed and feed on the 








flank wear after one minute cutting 
time; tungsten-titanium carbide tools. 
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The experimental results confirmed in a general 
way the previously published work showing that the 
rate of wear rises steadily with increasing cutting 
speed but that variations in feed rate have a much 
smaller effect. The results, for example, of tests on 
a mild steel (En8) are given in Fig. 32. This shows 
the depth of wear on the flank of the tool after one 
minute cutting over a range of cutting speed and 
at three different feed rates. 

Considering plain carbon and low alloy steels, 
small additions of alloying elements or relatively 
large variations in hardness and strength achieved 
by heat treatment made surprisingly little difference 
to the rates of flank wear on tungsten-titanium 
carbide tools as shown in Figs. 32 and 33. At low 
cutting speed, the rate of wear of tungsten carbide 
tools was not greatly different from that of tools 
containing titanium carbide. It was often somewhat 


STEEL - EN 24. 


lower. As cutting speed was increased, however, a 
point was reached where the rate of wear on 
tungsten carbide tools rapidly increased and became 
many times as great as on the tools with titanium 
as shown in Fig. 34. The higher the tensile strength, 
the lower the cutting speed at which this change 
occurred. Since this sudden increase in rate of flank 
wear occurred only on tools without titanium, it is 
tempting to assume that a reaction between the 
steel and tungsten carbide occurs similar to that 
occurring in cratering wear, but there is no direct 
evidence of this. A further study of the conditions 
under which this change occurs could lead to a 
better understanding of the nature of flank wear. 
Such changes in rate of wear are another reason 
why the tools containing titanium carbide are 
preferable for most machining of steel. 
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Fig. 33. Effect of heat treatment of 
steel on flank wear after one minute 





cutting time; tungsten-titanium carbide 
tools. 
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The rate of flank wear on austenitic stainless steel 
was much higher than on any plain carbon or low 
alloy steel tested — see Fig. 35. In longer time tests 
the differences in rate of wear became more pro- 
nounced. Over most of the cutting range tungsten 
carbide tools showed lower rate of wear than those 
containing titanium carbide. The difference may be 
in the ratio of more than 2:1. Only at the top of 
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the speed range did the tungsten carbide tools wear 
more rapidly. The rate of flank wear on the 
“martensitic” stainless steel was not much different 
from that of plain carbon or low alloy steels. The 
large difference between these and the austenitic 
stainless steel was therefore most probably due either 
to the high nickel content of the latter or to its 
austenitic structure. 
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The addition of sulphur in “free cutting steels” 
had a very great effect on the rate of flank wear, 
as shown in Fig. 36 for mild steel. After longer 
cutting times the great reduction in flank wear 
caused by sulphur became even more marked. The 
benefits of sulphur addition extended over the whole 
range of possible cutting speeds and feeds. 

Flank wear in cutting cast iron increased with 
cutting speed and the rate of increase became greater 
after build-up disappeared. At low speed and feed, 
where a large built-up edge was formed, there were 
conditions where this gave almost complete protec- 
tion to the tool and hardly any wear could be 
detected over long periods of time when cutting 
clean metal. The rate of wear was least when using 
tungsten carbide tools and the addition of titanium 
considerably increased the rate of wear — by a 
factor of two or more. 


flank wear measurement 
The following general observations were made : 


1. The rate of flank wear was raised by increased 
cutting speed, but the influence of feed rate was 
smaller and erratic. Often increased feed rate 
resulted in decreased rate of flank wear. 


2. The steels used appeared to fall into three 
categories in relation to rate of flank wear on 
tungsten-titanium carbide tools : 


(a) The austenitic steel containing nickel gave 
rates of flank wear much higher than any 
others. 


(b) Plain carbon, low alloy steels and ferritic 
stainless steel all gave rates of flank wear of 
the same order, much lower than the austenitic 
steels. Within this group there was variation 
in the rate of flank wear from one steel to 
another, but the influence of hardness and 
the percentage of alloying elements was 
remarkably small. The difference between two 
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bars of steel to the same specification could 
be as great as the difference between the 
hardest and softest steels tested. 


(c) High sulphur steel gave rates of flank wear 
much lower than the corresponding steels of 
normal sulphur content. 


3. The effect of titanium carbide in the tool 
material on the rate of flank wear with plain 
carbon and low alloy steels depended on the 
cutting speed, feed and the hardness of the work 
materials; tools without titanium carbide had 
flank wear rates similar to, but usually lower 
than, those of the tools with titanium carbide, 
over the whole cutting range tested. With 
increasing hardness of the work material this 
was only true at low speed and feed, and there 
was a Critical point above which the rate of 
flank wear on the tungsten carbide tools increased 
very rapidly. The higher the hardness of 
the work material, the lower the speed at which 
this change took place. 


These observations were made for the most part 
on tests of only one minute cutting time, but some 
of the conclusions are so definite that it is worth 
while considering if they throw any light on the 
nature of flank wear. It is known 13 that the 
temperature of the tool tip, as measured by tool- 
work thermocouple, increases both with the cutting 
speed and with the feed rate. The rate of flank 
wear increases with cutting speed but often decreases 
with the feed rate. Flank wear is, therefore, not 
directly related to the temperature near the cutting 
edge of the tool tip. With increasing cutting speed 
the cutting force and the thrust force decrease, while 
with increasing feed, both forces increase. It follows 
that the rate of flank wear is directly related neither 
to the temperature nor to the tool forces. Although 
increasing the hardness of the work material by 
heat treatment resulted in some increase in the rate 
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of wear, the increase was relatively small. But two 
factors having great influence on the rate of wear 
appeared to be chemical composition of the work 
material and tool material and the presence of a 
built-up edge on the tool. 


As regards chemical composition of the work 
material, the element having the greatest effect was 
sulphur which was present in the form of manganese 
sulphide and greatly reduced the rate of flank wear. 
(Lead may have a similar effect). The elements 
chromium and nickel played a relatively small part 
unless nickel was present in sufficient quantities to 
give an austenitic structure, when the rate of wear 
increased greatly. There were also some relatively 
large differences in rates of wear of steels with no 
obviously significant differences in composition or 
structure, which so far have not been explained. 

It is possible for the alloying elements introduced 
into steel to exercise a direct effect on the rate of 
tool wear by forming compounds which act as 
abrasives (e.g., Al20; or TiC) or as lubricants 
between the tool and the work material (e.g. MnS). 
The evidence suggests, however, that the direct 
effects are important only under certain limited 
cutting conditions. There is, however, another and 
probably more important way in which alloying 
elements can exert an indirect influence on tool wear 
and machinability. 


Micro-examination of sections through the built- 
up edge has suggested the process by which this 
may protect the tool surfaces from wear. The com- 
plete absence of tool wear under some conditions 
suggests that, under these conditions the flow is 
entirely within the metal being cut, the layer of 
metal in contact with the tool surface being stationary. 
Under other conditions the metal in contact with 
the surface is stationary on part of the interface 
and in motion over the remainder. It is concluded 
from this that the nominal surface velocity of the 
work material relative to the tool may bear no 
relation to the true velocity at the interface 
on the rake or flank surfaces. It is at this 
interface that wear takes place and it is the 
relative movement at this interface or very close to 
it (a distance of the order of a few atomic dia- 
meters) which is of importance in relation to wear. 

The picture thus built up is of a complex pattern 
of flow around the cutting edge, changing with the 
cutting conditions. The types and rates of wear 
depend on the details of this flow pattern. It seems 
probable therefore, that elements such as sulphur 
and nickel exert their greatest effect by altering this 
flow pattern, nickel by forming austenite and sulphur 
by forming manganese sulphide acting largely as an 
“internal lubricant” in the steel. 


Superimposed on the flow pattern and related to 
it is a pattern of steep thermal gradients. Until more 
is known of the complex patterns of flow and 
temperature in the work material near the cutting 
edge, it is unlikely that it will be possible to account 
for the observed rates of wear in terms of the 
properties of work material and tool and the measured 
cutting forces. 





conclusions 


The study of worn cemented carbide tools with the 
aid of the microscope has shown the main types of 
wear, and factors affecting wear, including flank 
wear, the built-up edge, cratering, deformation, 
mechanical chipping and thermal cracking. The first 
four of these wear factors have been studied separately 
and their occurrence over a wide range of conditions 
on a number of ferrous materials has been investi- 
gated by a series of short time cutting tests. The 
results have been presented in the form of machining 
charts, in which cutting speed and feed rate are the 
co-ordinates to logarithmic scales and the occurrence 
of build-up, cratering and deformation is plotted. 
The value of such charts in summarising and ordering 
a large amount of information on tool wear and 
machinability has been demonstrated. If used with 
care such charts can also be of assistance in selecting 
optimum cutting conditions and predicting tool per- 
formance under given conditions. 


The flank wear occurring in short time cutting tests 
has also been studied. The results suggest that the 
rate of wear is greatly influenced by the pattern of 
temperature distribution and flow of the work 
material around the cutting edge. Work on this 
problem is required in order to relate the rates of tool 
wear, the form of the built-up edge, etc., to the 
properties of the tool and work materials. 
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(concluded from page 141) 


APPENDIX 


General references on the subject of electroforming 
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‘“Electroforming in Electronic Engineering.” Walker, 
Bentley, Hall, Paper No. 11. Presented at the Institute 
of Metal Finishing Annual Conference, 1955. Summary 
in Metal Industry, London, 1955, Volume 87, No. 3, 
15th July, page 51. 

“ Electroforming Waveguide Components.” Middlesex 
Gun Co. Ltd. Machinery, 1955, Volume 86, 1ith 
March, page 530. 

“ Electroforming of Components and Instruments for 
Millimetre Wave Lengths” by Harvey. Proc.I.E.E., 
1955, Volume 102(B), No. 2, March, page 223. 


Reference : 
“The Silvering of Plastics” by Kenneth S. Low, 
A.R.S.M. British Plastics, December, 1953. 


Some of the processes described in this Thesis may 
in certain cases be covered by patents. Included with 
these is A.S.R.E. Patent, Application No. 32073 /56, 
Manufacture of Waveguide Components by Metal 
Spraying; also Elliott Brothers (London) Ltd., Patent 
No. 144150, Improvement in the manufacture of 
Waveguide Components. 
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microwave instrumentation 


A thesis describing production 
problems encountered 

during the evolution of a 

new instrument 


HE manufacture of microwave instruments and 

components has necessitated the development of a 
number of special techniques and methods of con- 
struction not usually met in instrument manufacture. 
This is particularly true of waveguide instruments, 
where the main problem presented to the engineer 
is the processing of material (mainly metal) to produce 
internal surfaces of various shapes and sizes to close 
limits and free from surface defects or blemishes. In 
the case of the production of precision measuring 
instruments, where the highest standard is required, 
the solution of the problem becomes proportionately 
more difficult. 


It is essential that the Production Engineer has 
some basic knowledge of the function of waveguides 
to assist him in his approach to these difficulties. 
Microwaves are electromagnetic waves with a short 
wavelength, in comparison with which the radio waves 
of the normal broadcast band are very long, and 
light waves are extremely short. 


Wavelength Frequency 

Medium Wave 

Transmission 300m 1 Mc 
Television 

Transmission 6m 50 Mc/s 
Microwave 

Transmission 3X10-' —10*m 108 Mc/s 

—3X 10® Mc/s 

Yellow light... 6X 10m 5X 108 Mc/s 


by W. E. Stimson, A.M.1.Prod.E. 


At frequencies of 1,000 megacycles and upwards 
it is possible to transmit the waves down pipes or 
waveguides, as they are called, in much the same way 
as sound is sent along voice tubes. This method is 
used because there is less loss of power in a length of 
waveguide than in the same length of wire. Although 
the waves are mainly travelling in the space inside the 
waveguide, there are also radio frequency currents 
flowing in the inner surface skin and penetrating into 
the metal by only a few micro inches. 


Without going into the theory of microwaves it is 
possible to consider certain aspects of their 
characteristics by means of analogy. For example, 
microwaves in some respects behave the same as light 
waves; they travel at the same speed, they can be 
reflected by certain materials, pass through some 
materials, or be absorbed by others. Insofar as the aim 
is to transmit microwave power through the instru- 
ment with the minimum loss, it will be appreciated 
that reflection absorption and leakage must decrease 
its efficiency. In practical terms, the following manu- 
facturing faults are detrimental to the performance 
of an instrument and can cause an instrument other- 
wise within mechanical tolerances to fail in electrical 
test : 


1. Scratches, bumps, ripples, burrs and foreign 
bodies, such as blobs of solder, etc., in the wave- 
guide. Any of these faults will cause reflection. 

2. Distortion of the waveguide, such as can occur 
on soldered assemblies, or careless clamping of 
workpiece during processing will cause reflection. 

3. Scratches on the face of the waveguide 
connector or any unevenness of the face, will 
cause a leakage. 

4. Damage to the waveguide window can cause 
leakage and reflection. 

5. Burrs, or the removal of burrs by chamfering of 
the waveguide window, will cause reflection 
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Fig. 1. Flanged waveguides assembled with burrs on the 
windows causing reflections. 


(Figs. 1 and 2). This is a most important point. 
There must be no interference in the micro- 
wave path from one piece of equipment to 
another (Fig. 3). 

6. Occluded fluxes and corrosive products such as 
may appear in a soldered joint will cause 
absorption. 


An appreciation of these points will assist the 
Production Engineer to realise the importance of 
ensuring that at all stages of manufacture there is a 
complete understanding by those concerned of the 
exact requirements. This means the careful editing 
of drawings, production of special manufacturing 
process sheets and layouts. 


the evolution of a new instrument 


This will proceed along the following lines: The 
Physicist, who is concerned primarily with funda- 
mentals, will define a configuration of electrically 
conducting surfaces which will provide a solution to 
the requirement of the specification. This basic 
information will be described in absolute dimensions. 


The Microwave Development Engineer will 
calculate the permitted dimensional tolerances in the 
configuration. Experimental models will be used for 
this purpose. The order of close tolerance dimension- 
ing which is commonly called for is - 0.0001 in. in 
WG 22, + 0.0005 in. in WG 16 and + 0.002 in. in 
WG 10. 


The Mechanical Design Engineer, in consultation 
with the Production Engineer, will lay out a 
structure composed of solid pieces which, when 
assembled, will realise the required configuration of 
internal surfaces. It is here that the Production 








Fig. 3. Correctly deburred waveguide window produces a 
continuous uninterrupted waveguide wall. 
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Fig. 2. Flanged waveguides assembled with burrs removed 
by chamfering, producing a small cavity which causes 
reflection. 
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Engineer’s knowledge of the capability and the 
limitations of labour and machine tools, plus an 
assessment of the various special processes and tech- 
niques, will play an important part. 


A prototype model is then manufactured in the 
experimental workshop from these drawings, and it is 
examined by the Mechanical and Microwave 
Development Engineers in considerable detail, and 
subjected to comprehensive tests. Any necessary 
modifications to the design are made and when 
satisfactory results are obtained the drawings are 
brought into line and passed to the Production 
Engineer for the development of a detailed produc- 
tion plan. The plan is tested by the means of a short 
pre-production manufacturing run, and any further 
modifications arising in the light of a study of this 
work are incorporated into the drawings. A com- 
parison of different processes can be conducted at 
this stage and the information finalised for future 
production. 


various methods and techniques 


Waveguide can be produced by a number of 
different processes. The process to be employed in a 
particular case is to a large extent dependent on the 
required electrical performance of the instrument and 
the complexity of the design. A combination of 
processes often produces the best results. These 
processes include : 
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Fig. 4. Corner fabricated with extruded waveguide with 
flange connectors. 
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Fig. 5. Hybrid tee fabricated with extruded waveguide 
without flange connectors. 


extrusion 


Extruded waveguide in the common sizes is manu- 
factured by a number of firms and is obtainable in 
copper, brass and aluminium. ‘The standard sizes 
range from 0.034in. X 0.017in. to 18in. X Qin. 
Precision WG 16 rectangular waveguide (0.900 in. X 
0.400 in.) is made with an 0.050 in. wall and to limits 
of +0.002in. This is quite adequate for some 
requirements. It is also possible to obtain from certain 
suppliers short lengths of extruded waveguide to a 
limit of + 0.001 in. in the bore. Needless to say, this 
waveguide is considerably more expensive as it has to 
be specially drawn and selected. Extruded waveguide 
can be formed to certain shapes such as tapers and 
transitions by swaging. 


fabrication 


This is a method of waveguide construction which 
lends itself to a wide variety of applications and can 
incorporate a number of other processes : 


1. The fabrication of extruded waveguide by 
brazing or soldering together machined sections 
is common practice. This has particular 
advantages insofar as the outside dimensions 
of the waveguide are the correct sizes for fitting 
the flange connectors and machining is reduced 
to the minimum. Corners and hybrid tees are 














Bring tinge! 


Fig. 6. Hybrid tee fabricated with two dissimilar parts 
machined from bar material. 


good examples (Figs. 4 and 5). Where there are 
a number of joints close together it is advisable 
to use a range of solders with different melting 
temperatures. Distortion caused by heat is the 
main disadvantage of this process, though con- 
sistently good results are obtained by induction 
heating. 


2. The fabrication of machined part-pieces from 
bar or cast materials is a more accurate method. 
Fig. 6 shows an example of a hybrid tee where 

. Close limits are obtained by a normal machining 
process. Fig. 7 illustrates a precision bend made 
from two mirror image sections profile milled. 
This work can be carried out to limits of 
+ 0.0005 in. While it is obvious that a superior 
product is obtained by this method, a dis- 
advantage is that a means of connecting the 
assembly to other apparatus must be devised. 
This would involve the manufacture of flange 
adaptors, the windows of which would have to 
be matched to the accuracy of the assembly, 
or machining suitable flanges on the work- 
piece. Either method is expensive. 


3. Another method of fabrication by which a high 
degree of accuracy can be obtained is shown in 
Fig. 8. A waveguide 11 in. long has been pro- 
duced by this method accurate to + 0.0002 in., 























] Fig. 7. 90°E plane bend 
fabricated with mirror- 
image parts machined from 

bar material. 
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Fig. 8. Cross-section of a length of precision waveguide 

fabricated with electroformed channel moulded into a cast 

channel with Cerro-cast or loaded resin, and with a ground 
plate supplying the fourth side. 
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but the close control required at all stages makes 
this an extremely expensive process. It is 
illustrated here as an example of a method 
which has possibilities, but is not at the stage 
where it is an economic proposition. 


precision casting 

In spite of the manufacturers’ claims, it would 
seem that an accuracy better than + 0.003 in./in. 
cannot be consistently maintained. While not 
sufficiently accurate for precision instruments, com- 
ponents can certainly be made by this method, though 
it would be advisable for the waveguides to be made 
to the bottom limits and the windows ‘sized’ as 
described later in this Thesis. 


The ‘lost mercury investment casting’ has 
possibilities. A considerable amount of effort has gone 
into producing waveguide components by this process, 
but the accuracy achieved is no better than by other 
precision processes and the tooling costs could well 
be higher. 


Satisfactory components, but to no_ greater 
accuracy, are produced by a process that includes a 
plaster core formed by an accurately machined metal 
core box for the interior shape and shell moulding for 
the outer contours. Here again the initial tooling cost 


is high. 


metal spraying 

The process of metal spraying has considerable 
possibilities. The basic principle is the same as with 
electroforming in that the metal is deposited on to 
retractable formers. The equipment needed comprises: 


1. Spray booth, spray gun, compressed air and 
oxy-acetylene gas. 


2. Metals in a form suitable for spraying. There 
is a large range of metals available. These may 
be obtained in the form of wire or powder as 
required by the make of gun. 


3. Formers. These must be designed with the 
following points in mind: 


(a) The former must be 0.0006 in. undersize to 
allow for the lacquer coating. 





(b) The former must be longer than is required 
so that the ends of the sprayed component 
can be machined to length. 


(c) The material for the former must be able to 
withstand the heat of the spraying process. 
Brass or stainless steel are suitable metals. 
In some cases it is advisable to make pro- 
vision for passing air or water through the 
former. This hastens the spraying process. 


4. Lacquer. The formers are lacquered prior to 
metal spraying. The lacquer acts as a protective 
‘coating for the mandrel as well as a bond for 
the initial coat of metal. 


Technique. The former is degreased. The lacquer is 
applied to a thickness of 0.0003 in. and stoved. The 
lacquered former is then sprayed with molten metal. 
If a soft or expensive material is required it need 
only be sprayed 0.005 in. thick. Steel or brass metal 
may then be used to build up the component to the 
required size. If there is no provision for cooling the 
former by air or water, the component must be 
allowed to cool a number of times before the process 
is completed. The former is extracted from the com- 
ponent and a solvent is used to remove the lacquer. 


Disadvantages. The deposited metal is more porous 
than cast metal and has a tensile strength of about 
25°/, of that of the wrought metal. The tensile 
strength can be increased to 60% by vacuum 
impregnation with a suitable resin. The inside 
surface is not so good as that obtained by electro- 
forming. 


clectroforming 


Electroforming is a process by which certain 
internal forms can be made to very close limits and 
more complicated shapes to rather wider limits. 
Basically it is a process of electro-depositing a suitable 
metal (copper is most generally used) on to a mandrel 
or former of the required shape. The mandrel is then 
extracted or dissolved according to the material from 
which it is made, or remains as part of the component. 
The equipment needed comprises : 


1. Plating vats with immersion heater thermo- 
statically controlled, filters (sintered glass) and 
power supply (D.C. usual operating voltage 
1.3 - 1.5v). 


2. Electrolyte for copper forming may be of the 
acid/copper sulphate or the copper/cyanide 
formulae. With the latter the periodic reversal 
of the current flow can give a very smooth 
deposit free from build-up on the corners 
Periodic reversal in the copper sulphate solution 
produces a fine grain tough copper deposit but 
does not significantly reduce the build-up on 
the corners. 


Some improvement in the surface results 
from the inclusion of organic brightening agents 
such as molasses in the copper sulphate solution, 





























but this improvement is usually accompanied 
by an increase in the internal stresses in the 
material, and by a reduction in electrical 
conductivity. 


Anodes — commercially pure copper produced 
by the arsenic reduction process, supplied in 
extruded bars. 


Cleaning agents — copper cyanide, potassium 
cyanide, detergents, distilled water. 


Extractors for removing retractable formers 
from electroforms. These could be hydraulic or 
screw thread type. 


Formers — the accuracy of an electroform is 
limited to the accuracy of the former and that 
in turn is determined to a measure by the 
material from which it is made. Formers may 
be classified under three main headings; 

(a) Retractable formers. These are restricted in 
shape, but complex forms can be produced by 
fabricating a former from a number of sections 
each of which can be removed independently. 
Such a former would be made to produce a 
hybrid tee (Fig. 9). 

Normal shapes for which retractable formers 
are suitable include: precision waveguide, 
tapered waveguide, horns and _ rectangular-to- 
round transitions. 

The manufacture of retractable formers is 
extremely expensive, requiring labour and 
equipment of the highest toolroom order. Apart 
from good dimensional accuracy, the formers 
must be highly polished to facilitate their 
extraction. 

The material for these formers must be 
durable and corrosion resistant. Glass is very 
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Fig. 9. Collapsible former 








good but of limited use. Glass formers must 
be coated with an electrically conductive 
material (silver sprayed) to make a suitable 
cathode. 

Austenitic chromium nickel steel alloys (18°/ 
chromium, 8°/, nickel, EN58 range) have proved 
to be the best materials to date. As virtually 
non-magnetic materials they have certain 
manufacturing disadvantages, plus an instability 
that becomes apparent when machining the 
slender formers required for the WG 22 and 
millimetre wavelengths. 

Experiments have recently been made with 
titanium. Four millilitre rectangular wave- 
guide formers have proved much easier and, 
therefore, cheaper to manufacture than with 
EN58, due to the inherent stability of the 
material. Comparable electroforms have been 
produced and there would appear to be every 
likelihood of the formers in this material having 
a longer life. 

Perspex plates and “ stopping-off ” materials 
such as Detel are used to restrict the electro- 
deposition of metal to the required surfaces of 
the former (Fig. 10). 

When designing a metal former the further 
manufacturing processes must be considered. 
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— Fig. 10. Former with masks assembled 
° 

electrical for electro-plating 


contact 




















SNE 





Perspex Masks 


ee Former 
x y 
NS \ A, 























A 
Z 


Fig. 11. Collapsible former with section masked for 
chucking <o facilitate machining operations prior 


to extraction 


The majority of electroforms require machining 
to suit other details of the assembly and the 
Production Engineer has to decide whether it is 
better to carry out this process before or after 
the extraction. 

Turning centres may be included or a length 
of the former masked by Perspex to provide 
for chucking (Fig. 11). When considering the 
use of a former as a machining mandrel, two 
factors must be borne in mind: the electro- 
form must be processed as soon as possible after 
removal from the vat, and a larger number of 
mandrels would be required for efficient batch 
production. 


(b) Expendable formers. These formers can be 
produced by two methods : 


(i) Machined formers — Perspex is a very 
suitable material. The finish must be smooth 
and free from blemishes. The former is 
cleaned and sprayed with a silver solution 
prior to electroforming. After building to 
the required thickness the Perspex is dis- 
solved in chloroform. 


(ii) Moulded formers — a plastic material such 
as wax is required for this process. A mixture 





Fig. 12. Moulded former with faces relieved prior to the 
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second charge of wax 





of polyethylene (one part) and paraffin wax 
(two parts) is suitable. (This solution loaded 
with French chalk has produced excellent 
results but has tended to clog the injection 
machine.) Additional equipment includes : 
Wax Moulding Machine with electric 
heater and Variac Control; Gun for silver 
spraying (PATRA); Spray Booth with 
extractor fan; Solutions for cleaning, 
sensitising and silver spraying; Moulds: these 
are made of brass to very close limits, with 
removable sections dowelled and bolted. 

For wax moulding, the wax in the reservoir 
of the machine is heated until it is just plastic; 
60° + 2° for small mouldings; higher for 
larger mouldings such as WG 16 hybrid tees. If 
the temperature is too high, excessive shrinkage 
will take place and if too low, the resulting 
moulding will have a poor finish. 

The mould should be thoroughly cleaned; the 
sections separately heated and bolted tightly 
together. The mould is then screwed to the 
reservoir and the wax rapidly injected and 
pressure applied (about 1,000 - 1,500 p.s.i.) until 
the wax has set. For small mouldings this should 
take 2-3 minutes. The mould should be 
immediately removed from the machine to 
avoid becoming heated by conduction. 


In spite of the tightness with which the mould 
has been assembled there will be a spillage 
at all the joints, which will produce flashings 
on the moulding. These must be removed with 
great care. 

A silver-plated wire rough knurled at the end 
is heated and pushed into an undersized hole 
made in the moulding. This is used for sus- 
pending the moulding during plating. The 
moulding is then cleaned with a solution of 
10% comprox, washed with tap water, 
sensitised with stannous chloride solution, 
washed again with tap water, and swilled in 
distilled water. Spraying with silver follows, 
without allowing the sensitised moulding to dry. 

The moulding is then washed with distilled 
water and, before the silver film has dried, 
inserted in the plating bath. 

After the electroform has been produced, it is 
heated and the wax removed by melting. 


To produce good quality large wax mouldings 
it is necessary to modify the moulding pro- 
cedure to two stages. First, a moulding is 
produced as described above. An inspection 
would show that the moulding was poorly 
produced. It could have cavities on the face 
of about 0.010in. The moulding is then 
relieved around its faces with channels giving 
free access to the inlet (Fig. 12). It is then 
assembled as a core into the mould which is 
attached to the reservoir. A second charge of 
wax is made, filling all the relieved faces and 
channels. The remaining operations follow the 
pattern as detailed above. Electroforms can be 
made to 0.001 in. by this method. 


























Fig. 13. On the left is shown an example 
of the nodule formation caused by excessive 
current density (WG 16). The bath was also 
contaminated, thus adding to the gruesome 
appearance of this electroform. On the right, 
an example of stress-free electroforming 


(WG 22) 


(c) Permanent formers. These formers are made 
of a dielectric material, cleaned and silver 
sprayed before electroforming. As the former 
remains an integral part of the instrument or 
component, a much lighter deposition is 
adequate. It is also possible to produce com- 
plicated shapes in one unit. 

The rate of electro-deposition can be 
regulated to suit requirements. To obtain the 
best results the electroforming must take place 
in stress-free conditions, where there is a low 
current flow producing a deposit of about 
0.0005 in. per hour. 

An increase in the deposition rate to 0.002 in.- 
0.003 in. per hour results in the formation of 
significant internal stresses in the formed 
materials when using the copper sulphate solu- 
tion. The temperature of the electrolyte is 
critical when electroforming at this rate and 
must not fall below 45°C. Under these con- 
ditions it is necessary to agitate the electrolyte; 
this can be accomplished by making a 
mechanical contrivance which will cause the 
suspended formers continually to oscillate in the 
solution. It has been found that molasses acts as 
a smoothing agent in a high rate bath, but its 
action is not as yet fully understood. 

The disadvantages of high rate electroforming 
are porous deposit, increased nodule growth 
(Fig. 13), occlusion of copper oxide, coarse 
crystal structure and internal stresses. 


special jigging 

It is often impossible to obtain an even deposit of 
metal with complicated former shapes. This trouble 
appears in two forms : 


1. 


Excessive build-up on corners. This can be 
dealt with by removing the electroform from 
the vat at various stages of its formation and 
removing the excess material by filing or 
machining. Alternatively, the former can be 





jigged to carry “thieving” bars at the appro- 
priate positions (Fig. 14). These bars are made 
of suitable conductive material and are wired 
to the former, becoming part of the cathode 
and thus diverting or “ thieving” deposit from 
the adjacent area of the electroform. Dielectric 
“ shading” bars are also effective. 


Inability to “throw” into corners. In this case 
similar jigging is resorted to, but copper bars 
placed at the strategic positions are wired as 
anodes and supplement the flow at these points 


(Fig. 15). 
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Fig. 14. Sectional view, showing arrangement of “ thieving ” 


bars around former 

















WE 








Fig. 15. Sectional view, showing local anodes arranged to 


assist the “throw” into the formers 
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maintenance of electroforming plant 


Particular care and attention are required to main- 
tain the plant in efficient working condition. General 
cleanliness is a prime consideration. Special pre- 
cautions must be taken to prevent the electrolyte 
becoming contaminated with metallic substances such 
as iron, nickel, chromium and arsenic, acid solutions, 
dust and insects. With a closely controlled vat it will 
take up to six months before metallic pollution be- 
comes noticeable. The following routine procedure 
should be adopted : 


vats should be covered; 

filter pumps and motors checked daily; 

filters cleaned weekly; 

electrolyte “topped-up” with distilled water as 
required ; the pH value checked before adding 
acid ; 

electrolyte should be analysed periodically and 
completely changed every six months, 
individual vats treated in rotation. 


It is suggested that a log or day book is kept and a 
record made of loadings and all routine cleaning 
procedures as well as details of irregularities. 


Electroforming procedure for stainless steel formers 


1. Suspend former on the anode bar in the cyanide 
bath for 2-3 minutes. Ensure that all the 
cyanide solution has drained off into bath before 
removing the former. 


2. Place former under clean running water for 
about 3 minutes. 


3. Place former in potassium dichromate solution 
tank for not less than 2 minutes. 


4. Wash off surplus solution in distilled water. 
5. Suspend former immediately in plating bath. 
6. After removal from the bath the electroform is 


washed in running water and is then ready 
for further processing if required. 


7. The electroform is heated in hot water and the 
former extracted by mechanical means. 


Electroforming procedure for non-metallic formers, 
Perspex, wax or dielectrics, etc. 


Clean with detergent or a comprox solution. 


iy 

2. Wash in distilled water. 

3. Silver spray. 

4. Immediately transfer to copper plating bath 


either for 0.001 in. protective coat prior to 
temporary store or for building up to require- 
ments. 


5. After removal from the bath the electroform is 
washed in running water. 


6. Dissolve expendable formers by the application 

of heat, or with the use of solvent. 

The principal advantage of electroforming lies in 
the fact that normally inaccessible internal surfaces 
can be defined in terms of the accessible external sur- 
faces of a forming mandrel. The disadvantages are : 
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Electroforms take a long time to produce and out- 
put is restricted to the number of formers and the 
capacity of the plating equipment. Retractable 
formers are expensive to produce. Capital outlay in 
plant and formers is relatively high and maintenance 
and depreciation costs will also be high even when 
the plant is lightly loaded. 


Electroforms invariably require further machining 
operations before they can be assembled into a com- 
ponent or instrument. 


special methods 


Satisfactory results are often obtained by the com- 
bination of two or more of the foregoing processes. 
For example, a 0.010 in. deposit by electroforming 
could be built up to the required thickness by metal 
spraying, thus reducing the time of completing the 
process. A 0.020 in. thick electroform can be moulded 
into its component parts with Cerrocast or loaded 
Araldite, thus reducing machining costs. 


Other methods and processes that can be employed 
in special circumstances include : 


electroforming on to other components; 

broaching for short waveguide lengths; 

hobbing short very accurate waveguide —- this 
process can be expensive in material and 
subsequent machining operations due to the 
large blanks required; 

spark erosion — this process is particularly useful 
for forming small apertures of complex shape 
such as are required for directional couplers, 
etc. 


tolerancing and sizing 


One of the aspects of microwave design is that the 
reflection of power from an unavoidable irregularity 
can often be prevented by placing a second irregularity 
in the right place. Similarly, it is possible to offset the 
effect of the unacceptable dimensions of one plane of 
a rectangular waveguide window by an adjustment 
to the other plane. As the safe tolerancing by normal 
practice demands an accuracy higher than is needed, 
and the rigours of processing to very close limits can 
produce a heavy toll, a method of chart tolerancing 
has been devised. 


Numbered tolerance charts are produced for each 
acceptable range of dimensions in rectangular wave- 
guide. While the drawings of detail parts are 
toleranced in the normal manner, the appropriate 
assembly or sub-assembly drawing carries the tolerance 
chart number. The instrument maker, when checking 
the waveguide dimensions against the chart, is able to 
deduce with ease the correct amount of adjustment 
to make if it is required. Complementary to the 
tolerance charts special hardened steel sizing mandrels 
can be made (Fig. 16) for each chart. These mandrels 
are correctly tapered in each plane so that the correct 
dimensions obtain at any position of the taper. The 
use of these mandrels for sizing waveguides eliminates 
uncertainty and reduces manufacturing time. 
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an attempt at an assessment 





would be a very difficult and lengthy undertaking, 


In view of the multiplicity of processes and the but one aspect, the comparative precision of the 
complexity of requirements an objective comparison process discussed, can be illustrated as in the following 
covering all aspects of microwave instrumentation table : 

Process Tolerance Comments 
Eleciroform (retained dielectric former) ... As former Expensive machining 
Electroform (retractable former) ... viet + 0.0001 in. Expensive tooling and machining 
of former 
Fabrication precision machined parts ... + 0.0005 in. Expensive machining 
Metal spraying... eae “ae nee + 0.001 in. Moderate tooling and machining 
— 0.0004 in. 

Electroform (expendable former) 2-stage + 0.001 in. Expensive tooling and machining 
Electroform (expendable former) 1-stage += 0.002 in. Expensive tooling and machining 
Fabrication extruded waveguide induction 

brazing a bd es dee + 0.002 in. Moderate tooling 
Precision casting ... rar oe bis + 0.003 in. Expensive tooling and machining 
Fabrication extruded waveguide torch 

brazing ma ie a 583 + 0.004 in. Cheap tooling 
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The factors influencing the choice of process are 
summarised as follows : 


Close tolerances limit the choice of process and 
likewise the wider the tolerance the larger is the 
number of alternatives. 


The internal configuration can also determine the 
process. 


Alternative processes may be divided into three 
groups : 


|. Proprietary processes—precision casting carried 
out entirely by specialists. Tool or part tool costs 
are the only additional consideration. 

2. Specialised processes — metal spraying and 
electroforming. Work may be sub-contracted to 
specialist firms or it is possible for a small 
organisation to install their own plant. In this 
case the first consideration is the cost involved. 
Metal spraying requires a comparatively small 
investment and no upkeep. Electroforming 
involves a higher plant cost plus expensive 
installation and maintenance costs. Both pro- 
cesses require tooling. 


3. Standard processes — precision milling and 
sheet metal techniques as used in swaging and 
fabricating extruded waveguide. Tooling costs 
are normal to the processes. 


New applications and processes are being developed. 
These include the electrical deposition of aluminium, 
photo etching, and strip line and printed circuit 
techniques. Méillimetre instrumentation presents a 
particular challenge which the engineer may well 
meet by revolutionary methods. 


the special training of workshop personnel 


Due to the complexity of the processes and the 
special techniques involved in the manufacture of 
microwave instruments, it has been found that even 
skilled instrument makers have taken some consider- 
able time in acquiring the necessary ability and 
confidence to work at maximum efficiency. 


To reduce this initiation period with all its implica- 
tions of costly effort and wasted materials, it is 
suggested that each newcomer undergoes a period of 
training which could be arranged along the following 
lines : 


1. On arrival he is presented with a booklet or 
pamphlet for information and reference. It will 
describe : 


(a) The function of microwaves 


(b) Special precautions to be taken during the 
manufacturing processes, with particular 
attention drawn to incompatibilities with 
what might be described as_ traditional 

practices, for example, deburring, with 

emphasis on the additional care that must 
be taken in otherwise normal processes such 
as brazing, soldering, etc. 





(c) The various processes and techniques and 
their application. (Processes and techniques 
would be described in detail on individual 
process sheets.) 


(d) The electrical effects of faulty workmanship. 


2. A period of say, two weeks, practical training 
to a fixed schedule, which would be arranged to 
cover progressively all the points referred to in 
the handbook. The work would be closely 
inspected at all stages. 


Gs 


The training would end with the assembly of a 
test-piece which could be a standard instrument 
or component such as a crystal holder made 
from stock details or details made by the trainee. 
The results of the inspection and electrical test 
would be passed to the instrument maker as 
well as to the supervisory personnel concerned. 


The cost of such a scheme would include the un- 
productive training time, extra supervision and 
inspection plus the cost of scrapped material. This 
would be off-set by a quicker return in higher 
productivity plus a reduction in rectification and 
scrappage-replacement costs. 


mechanical inspection 


Whilst the Inspection Department should be 
equipped with normal machining processes, it has 
been found that pneumatic gauges are absolutely 
essential for accurately measuring the internal wave- 
guide. A separate gauge has to be made for each 
dimension. Fig. 17 illustrates an air gauge for 
rectangular waveguide, and Fig. 18 a gauge that can 
be pulled through a length of waveguide. “O” rings 
keep the jets correctly spaced and with the aid of a 
graduated tape a calibration of the waveguide can be 
produced. A development of this idea is the flexible 
gauge, which is designed for measuring bends and 
twists. 


Only rubber inspection stamps should be used on 
waveguides and connectors. It is advisable to protect 
the connectors and windows with bungs or rubber 
covers. If these are not used during the manufacturing 
stages, they should certainly be fitted immediately 
after passing the mechanical inspection and only 
removed during the electrical test. 


Inspection of most microwave instruments must be 
comprehensive and to avoid wasted effort as well as 
the possibility of an important feature being over- 
looked, an inspection schedule should be prepared by 
the Production Engineer in conjunction with the 
Mechanical Designer and Physicist. 


The fact that an instrument conforms to the 
dimensional tolerances of the design and has been 
accepted by the mechanical inspector cannot be taken 
as proof that it will meet with the electrical specifica- 
tion. The critical dimensions of each instrument 
should be recorded for future use. 
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Fig. 17. Air gauge mandrel in waveguide illustrating the range 
of positions 


electrical test 


The basic equipment for the Electrical Test 
Department comprises : 


Power Supply 

Test Oscillator 

Wave Meter 

Calibrated Attenuator 
Standing Wave Meter 
Matched Load 

Crystal Detector 

Precision Variable Short Circuit 
Short Circuiting Plate 


An arrangement of these instruments is called a 
‘Test Bench ” and a complete Test Bench is required 


for 


each wave band. 


A microwave component or instrument is usually 
designed to perform a particular function with the 
lowest co-efficient of reflection. The electrical test is 
designed to check the function and measure the 


refl 


ection which should comply with the required 


specification. The following are examples of types of 
electrical test procedure : 


Ss 


2. Crystal holder. 


Complicated string of bends and twists. Measure 
the overall reflection co-efficient at the desired 
frequency band. Also measure the transmission 
efficiency, that is, the amount of power that gets 
through the system. 


Measure the reflection co- 
efficient figure determined in the design 
specification. Measure the sensitivity of the 
crystal — direct current output for a given R.F. 
microwave power input. 


Fig. 18. Air gauge for calibrating a length of 
waveguide 


SCALE 


3. Variable short circuit. The instrument’s function 
is to reflect all the power. The electrical test is 
to check that all the power is reflected and 
measure the amount of loss. 


4. High power components. After the routine tests 
at low power a further test at high power is 
made to ascertain whether the component will 
take the power without sparking or breakdown. 


A test report is made for all instruments, and some 
instruments may require calibration charts. 


Providing complete test schedules are available and 
a qualified Test Engineer is in charge, all this work 
can be carried out by young female laboratory 
assistants. 


quality control 


All mechanical inspection and electrical test reports 
are routed to Quality Control, where the information 
is collated and analysed. Thereby a check is made on 
the general standard of the product and a deteriora- 
tion in quality readily recognised. It is possible to 
identify trends and establish causes. The engineers 
concerned are informed of all significant findings and 
with the aid of the accumulated data are able to 
effect an improvement of design and manufacturing 
efficiency. 


conclusion 
This Thesis is almost entirely concerned with one 
aspect of the problems of microwave instrumentation 
—the formation of internal surfaces to close limits 
and with fine finishes. Another problem of equal 
importance is to achieve mechanical movement of 
component parts within the close tolerances required. 
This is too large a subject to have been included. 
(An Appendix is given on page 130) 
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inspection techniques 





a thesis 
by H. T. HILL, A.M.I.Mech.E., 


applied to the metrology A.F.R.Ae.S., A.M.1.Prod.E., 


of aerodynamic models 


ITH the increasing speeds of modern aircraft, 

and the related greater use of high-speed wind 
tunnels, together with the introduction of the “ Free 
Flight ” technique, there is not only a major model 
production problem, but also a parallel three- 
dimensional metrology problem. 

To meet the increasingly complex demands, these 
models may vary from a simple half-wing to a 
complicated aircraft with adjustable control surfaces, 
and the provision for pressure plotting. Their sizes 
may vary from an included plan area of 6 in. x 4 in. 
to greater than 6 ft. x 4 ft. 

This problem is as divorced from normal inspection 
procedure as is the manufacture of the models them- 
selves from mass production. 


The aim of model inspection is to define the actual 
three-dimensional shape of the model, rather than to 
accept or reject according to the drawing require- 
ments and, for this special purpose, radically different 
inspection techniques are adopted. 

Whereas in normal inspection the maximum 
reliance is placed upon comparators rather than upon 
fundamental measurement, in model inspection it is 
essential to use instruments with built-in basic scales; 
unfortunately, available standard measuring instru- 
ments have serious capacity limitations for this 
application, as well as being slow and fatiguing in 
operation. 

This Thesis gives an appreciation of the problem 
confronting the metrologist, details of the present 
inspection methods employed by the major user of 
wind tunnel models, namely the Royal Aircraft 
Establishment, and thoughts on further developments 
to improve the accuracy and speed at which these 
three-dimensional models can be inspected. 


the inspection problem 


It has been stated that the basic inspectional 
problem is not so much to decide whether the model 
is within certain limits, but to provide a complete 





This Paper and illustrations are Crown copyright, and are 
reproduced by permission of the Controller, H.M.S.O. 


142 


formerly Assistant Director, 


Royal Aircraft Establishment. 





knowledge of the actual size and shape, in three 
dimensions, of the finished model. However, for the 
purposes of manufacture, certain tolerances are 
stipulated and an outline of these is to follow. 


The degree of accuracy to which measurements 
must be known has risen rapidly with the develop- 
ment of high-speed techniques, and the metrologist 
is required to work to an accuracy considerably 
greater than the stated tolerances, the ultimate aim 
being the repeatable accuracy of checking all models 
to within 0.0001 in. 


Aerodynamically, it is important that the shape of 
the aerofoil over approximately 15% of its chordal 
length from the leading edge is known with great 
accuracy, and that the whole aerofoil and model 
surface is free from waviness within the limits specified 
below. The thickness of the trailing edge must be 
uniform and in most cases is limited to 0.004 in. In 
addition the symmetry of the complete aircraft 
model is made an important feature. 


tolerances 


The name given to the overall general tolerance is 
an “ Envelope Tolerance”’. This defines a manu- 
facturing limit as a marginal band, equally disposed 
either side of the design profile and within which the 
finished contour should be contained. In the past, 
the width of this band has varied from 0.003 in. on 
the smallest, to 0.010 in. on the largest models, but 
it has recently been suggested that the tolerances 
should bear some relation to the size of the model. 


The Royal Aircraft Establishment Technical 
Memo. No.: Aero 460 (i) defines model accuracy 
and finish as follows :— 


Relation of Accuracy to Size of Model 


(2to4) x L 


i) ‘‘ Skeleton ’’ — linear accuracy 
‘ 10,000 
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10,000 


— 10-15 microinches. 


(ii) ** Rople’’ — linear accuracy 


(iii) Finish 


L = length of the model (wing span about }L 
wing mean chord about 
1L). 

The above figures apply to the wing; double these 

figures are acceptable for the body. 


Special difficulties 
(i) The trailing edge will vary considerably in 
position if only the above tolerances are kept 
to. We are considering fixing the trailing edge 
in plan with the linear accuracies quoted above 
for the skeleton, together with a requirement 
that the blunt finish should not exceed 


3L 

10,000 

(ii) For pressure plotting models, it appears that 
the accuracy should be defined by slopes in the 
vicinity of the pressure holes rather than the 
dimensions. For consistency with the accuracy 


of tunnel flow, it has been suggested that 
the slope should be accurate to about 


in thickness. 


| , oo bik 
000 (radians) over about jin. This accuracy 
is an order higher than that demanded 
for the ordinates. 
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methods of inspection 


The basis of inspection is the defining of points on 
the model in a predetermined grid pattern; the 
closer the grid, the better the appreciation of any 
variations from the designed contours. 


The model is usually set up on a travelling carriage 
with its movement running parallel to the body axis 
or centre line. Attached to a separate fixture are two 
vertically opposed dial indicators set to zero at a 
theoretical horizontal plane common to the body 
axis or wing chord. A transverse datum is selected at a 
convenient position, either on or in front of the model 
(Fig. 1) which becomes the master datum and all 
dimensions taken parallel to the body axis are related 
to it. This transverse datum must be selected at a 
definite measured position from some prominent 
feature of the model, preferably a face at right angles 
to the longitudinal centre line, so that at a later 
inspection it is possible to obtain the same exact 
positions by a similar measurement from the same 
feature. The spanwise chord locations remain as 
indicated on the drawing. Measurements are taken 
at regular intervals from the master datum along the 
chord, thus forming the grid pattern in plan. The 
dimensions of upper and lower surfaces are then 
recorded at these points (Fig. 2). 

Use of this technique completely eliminates the 
possibility of errors in locating the correct position to 
commence thickness readings along the chord. 
Errors in sweep-back angle are therefore not related 
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Fig. 1. Grid formation for dimension plotting 



































POSITION 
FROM 


‘U'- THICKNESS ABOVE &. 









‘L’- THKKNESS BELOW &. 


Fig. 2. Example of presentation of the figures 


to thicknesses at given chord positions. The informa- 
tion recorded can be used in two ways. Either a 
large scale graph can be drawn to show errors both in 
the position and thickness of section, together with 
correctness of chord and inclination to the body 
centre line (Fig. 3) and the true section can be drawn 
and accurately positioned upon this graph which 
provides a check on the leading edge straightness. 


Alternatively, thicknesses at the new positions along 
the chord can be calculated. 

A major problem is the complete assessment of the 
leading edge formation, and to a lesser degree, the 
trailing edge. Various methods have been used, 
many of them of a mechanical nature and requiring 
the use of some form of stylus moving around the 
leading edge in order to obtain the contour. 
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Fig. 3. Graph showing actual and true profiles 
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Fig. 4. 
The Zeiss Universal Measuring Microscope 


Until recently, it was believed that no mechanical 
system would give the complete answer and an optical 
scheme was developed to discard all mechanical 
contact. 

The technical requirements are such that a picture 
of the actual formation of the leading edge is prefer- 
able to a series of spaced readings; this has been made 
possible by using optical and light reflective methods. 

A similar grid technique is employed for measuring 
body profiles. It is often necessary, however, when 
measuring body profiles of nearly circular section, to 
use a contact probe with an electrical indicating 
device, in conjunction with dial indicators and slip 
gauges, to take dimensions of a complete upper 
surface in one setting of the model. 


types of equipment 


There is a limited range of suitable equipment on 
the open market for the positioning of the grid 





Fig. 5. 
The Société Genevoise M.U. 214B 





pattern on the smaller models, viz., the Zeiss 
Universal Measuring Microscope and the Société 
Genevoise M.U.214B. 

The Zeiss machine (Fig. 4) has a measuring 
capacity in plan form of 200 mm. (approximately 
8in.) by 100mm. with a basic scale accuracy of 
1 micron, but has no provision for obtaining the third 
dimension, and the machine has to be specially 
rigged to carry two vertically opposed dial gauges 
reading the measure chordal thicknesses. 

These dial indicators are frequently checked for 
accuracy of calibration over their complete range. 
Those used to measure the small models are graduated 
in 0.0001 in. Their contact pressure, of the order of 
25 gram, is, however, a serious issue with thin wings 
and particularly along the trailing edge section. 
Experiments have been made with indicators having 
a contact pressure of 24 gram, but it appears this is 
still too much for very thin sections and experiments 
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Fig. 6. Royal Aircraft Establishment caliper machine 
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Fig. 7. Royal Aircraft Establishment caliper 
machine 
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show that a pressure as low as | gram must be 
employed for consistent accuracy to the order of 
0.0001 in. 

The Société Genevoise machine (Fig. 5) has a 
slightly larger measuring capacity of 16in. x 4 in. 
with a basic scale accuracy of 0.00005 in. and also a 
vertical head with a measuring range of 4 in., using 
a short-focus measuring microscope. 

With some experience in using this microscope, it 
is possible to develop an ability to repeat readings to 
0.001 in., but continual use results in severe eye strain. 
The short-focus microscope must, in the writer’s 
opinion, be regarded as an interim measure. 

There is another machine with a slightly larger 
capacity, developed by Société Genevoise primarily 
for measuring large pipe threads, and which, when 
suitably modified, can be adapted to the inspection 
of aircraft models. It will have a measuring capacity 
of 334 in. xX 12in. x 6%in. This machine, with its 
modifications, is now in use at the Royal Aircraft 
Establishment. 

Apart from these machines, to the writer’s know- 
ledge there is none other available for accurately 
measuring the larger models and the metrologist must 
either adapt a jig borer, which becomes an expensive 
inspection machine and slow in operation, for the 
purpose or alternatively construct a special inspection 
machine. The Royal Aircraft Establishment employ 
both means for overcoming the problem and among 
the special machines which have been designed by the 
Establishment are: 


the caliper machine 


The model (Figs. 6 and 7) is set up in the hori- 
zontal plane on this machine, with its trailing edge 
parallel to the surface table and its axes square to 
straight edges, optically positioned on the table. 

The grid pattern is obtained by longitudinal and 
transverse settings of the carriage, relative to the 
straight edges by using setting blocks and fiducial 
indicators, the caliper arms thereby traversing the 


model. The dial indicators are set to zero by measur- 
ing the maximum thickness of the wing and setting 
the top and bottom indicators to the mid-position. 

This type of measuring machine has now been 
employed by the Royal Aircraft Establishment for 
several years and during this period has been made 
progressively more robust and more accurate to meet 
the increasing demands of the aerodynamicist for 
accuracy, but of course, the limiting accuracy of such 
a machine is set by the need to employ dial indicators 
of a reach as much as 2 in. It can be fairly stated, 
however, that measurements are accurate to the order 
of 0.0005 in. and in any case to less than 0.001 in. on 
wings up to 4 ft. span; in fact the degree of accuracy 
is not much less on wings up to 8 ft. span. 

The measuring machine itself is mounted on a 
10 ft. x 5 ft. grade “‘A” surface table. The table top 
is drilled and tapped at 6in. spacing in a grid 
formation to facilitate the mounting of models. The 
machine can be positioned anywhere on the table and 
is provided with a retractable undercarriage to 
facilitate such movement. Exact positioning of the 
machine is effected by quick action actuating bars. 

The carriage has a traverse along special guide-ways 
of 56 in. and both coarse and fine movements are 
provided. Its final position is set by end-bars. 

Each of the two caliper arms has a reach of 57 in.; 
the pair can be rotated through 360° and the gap 
between them can be varied. To avoid damaging 
the surface of the model during movement of the 
carriage, the points of the indicators are lifted clear 
after each ordinate reading by means of cords attached 
to the indicator sleeves. 

As will be seen in Fig. 7, provision is made to fit a 
camera to photograph the readings of the dial 
indicators. 


co-ordinate table 


This table (Fig. 8) was devised by the Royal Air- 
craft Establishment and has a measuring capacity in 
plan form of 33 in. X20 in. It was originally intended 
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Fig. 8. Co-ordinate table 
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for the accurate measurement of large aerofoil tem- 
plates, and for tunnel models needing accurate plan 
form dimensions. Facilities for a third dimensional 
measuring plane were subsequently added. Up to 
the present, these vertical dimensions are obtained by 
means of a short-focus measuring microscope. 


This equipment comprises two tables, one within 
the other, the outer being fixed to the floor and the 
inner table having a vertical movement of 44 in., its 
height being adjustable by three screw-jacks. Three 
machined pads on the under surface of the outer 
table, immediately over the jacking stations, enable 
the inner table to be set parallel to the outer table by 
inserting setting blocks. 


The opening in the outer table is spanned by two 
straight-edges, at right angles to each other, for 
making co-ordinate measurements, these being 
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Fig. 9. General assembly of “nylon thread ” 
equipment 


positioned to buttons fitted into precision jig-bored 
holes accurately spaced at 3 in. pitch along each edge 
of the opening. The holes are so positioned that the 
straight-edges conform to a regular grid pattern and, 
additionally, sweep-back angles can be determined 
by using the arrangement of buttons and straight-edge 
as a sine-bar. 

The microscope carriage which travels along one 
of the straight-edges is positioned accurately at 
stations between buttons by using setting blocks. 

A weakness in the present arrangement is the 
possibility of deflection of the straight-edges, and 
improvements are under consideration to increase 
the vertical section of these members. Ano icr 
development is to replace one of the straight edges 
with a “line” scale to make positioning of the 
microscope more accurate. Nevertheless, repeatability 
on this machine is within 0.0005 in. 


Fig. 10. Datum marker and focussing screen 
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measurement of the leading edge 


The accurate measurement of the leading and 
trailing edges presents a most difficult metrology 
problem, and several methods have been used at 
different times. Most of these have been of a 
mechanical nature and have required the use of 


some form of contact stylus moving around the. 


aerofoil. 


mechanical method 


One of the most successful mechanical methods 
used a pantograph, the construction of which 
involved the base and upright of a Chesterman 
height gauge, having two adjustable heads, one of 
which carried the follower and the other the scribing 
point. The model under examination was held 
vertically and with the apparatus set at a magnifica- 
tion of one to one the follower traced around the 
required section, whilst the scribing point was 
simultaneously in contact with a smoked glass plate. 
This method was successful for general profiling, but 
the inability to maintain constant pressure on the 
follower, due to the human element, led to difficulty 
being experienced when tracing the leading edge. 
This method was therefore restricted to radii in excess 
of 0.025 in. From these results it was obvious that 
some device which would eliminate the human 
touch was therefore necessary. 


Fig. 11. Image and datum 





nylon thread method 


However, it was believed that no mechanical 
contact method would give the complete answer and 
a system was developed which completely discarded 
the stylus or follower. The technical requirements of 
inspection are such that it is desirable to view the 
entire contour of the section under examination and 
this has been made possible by using an optical and 
light reflective system. 

Here a technique has been developed using a 
simple lens system, viewing screen and photographic 
plates. The model, attached to a platform movable 
fore and aft for focussing, has its leading edge held in 
a horizontal plane. A lens of suitable focal length is 
mounted vertically, immediately in front of the wing 
and in line with the leading edge. The lens is located 
in a metal cone, which also holds a ground glass 
focussing screen, and is positioned to give the 
desired magnification (Fig. 9 and Fig. 10). 

A fine thread draped over the leading edge profile 
and held taut by means of a small weight, is illumin- 
ated by a semi-circular electric light tube placed 
between the lens and the thread. By means of the 
travelling platform the thread can be focussed from 
any position along the leading edge on to the screen. 
When the position under examination has_ been 
brought ‘finto focus, a photographic slide-holder 
replaces the glass screen and a permanent record is 
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Fig. 12. Recorded profile 


obtained (Fig. 11). On this record of the aerofoil is 
included a known datum width, for use in accurately 
viewing the plate at a definite magnification during 
subsequent measurement (Figs. 12 and 13). 

Experiments with this equipment show the 
importance of thread diameter and _ material. 
Platinum wire of 0.001 in. diameter, first chosen 
because of its reflecting quality and fineness, gave 
fairly good results. It was found, however, that the 
weight required to straighten any “ kink” in the 
wire exceeded the breaking load. 

The next choice, nylon, was obtained by pulling 
threads from nylon fabric, their diameters being 
approximately 0.0015 in. These gave a satisfactory 
reflection, but varying thicknesses were recorded 
because they contained ten separate strands each of 
0.0003 in. diameter. By using one of these strands, 
excellent results were obtained, the advantage being 
that the recorded profile was enveloped by a thickness 
well within the tolerance of manufacturing require- 
ments. 

Further experiments with nylon bristle of 0.0015 in. 
diameter has given a very satisfactory result, the 
thickness of reflected line being uniform around the 
entire section. The strength of this material facilitates 
handling, and a slightly heavier loading enables the 
profile to be determined more accurately. 

By viewing the photographic plates with a tool- 
maker’s microscope having a direct reading to 
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Fig. 13. Master profile graticule 


0.00004 in. (0.001 mm.) and bearing in mind that 
these plates have an initial magnification, readings 
are obtainable to better than 0.0001 in. 


This method has proved satisfactory for most 
inspectional requirements, and has led to a further 
development. With the system introduced into the 
workshops, the form of the leading edge and wing 
profile can be readily checked by viewing upon the 
ground glass screen. If the apparatus used is set at a 
nominal magnification, photographic graticules of 
important profiles of any position along the wing can 
be compared with the actual profile. Adjustment can 
be effected to the wing at this stage, enabling the 
operator to work within very fine limits. 


The shortcomings of this method are, firstly, the 
need for dark-room operation, secondly, the tendency 
for the draped thread to slide down a swept-back 
leading edge if chordwise shape is to be obtained as 
distinct from a section normal to the leading edge, 
and, thirdly, the inability of the thread to follow 
closely any depression in the profile. 


shadow projection method 


This method uses an entirely optical approach and 
consists simply of a photographic record taken of a 
shadow cast over the wing at a predetermined 
position. 


Fig. 14. Diagrammatic set-up of the 
“shadowgraph” for leading edge 
measurements 
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A collimated beam of light is directed on to the 
leading edge in the direction of airflow and a cut-off 
is interposed to cause a shadow to fall across the 
aerofoil to produce a true section of the required 
leading edge profile (Fig. 14). 

This shadow is then viewed from a position at 
right angles to the line of airflow by means of a 
focussing screen and lens capable of being adjusted 
to give a range of magnifications. When the image 
of the shadow has been sharply focussed on to the 
frosted glass screen, the screen is removed and a 
photographic plate inserted and exposed. This 
record of the profile can then be measured by means 
of a toolmaker’s microscope or projector. 


To emphasise the intensity of the shadow and to 
provide maximum contrast between its edge and the 
illuminated surface of the wing, the positions at 
which the leading edge profiles are to be photo- 
graphed should be sprayed with a solution of 44% 
acenapthene and 50/50 acetone and petroleum ether 
(this solution does not add any appreciable amount 
to the wing thickness). 


The chief advantages of this method are:— 
(a) depressions can readily be seen (Fig. 15), 


b) this method may be used if the wing is sup- 
: ) g p 
ported vertically, 


(c) a series of lenses is not required for a model 
having a large span, as is the case with the 
** nylon bristle ’’ method. 


measurement of waviness 


A method of satisfactorily measuring the waviness 
is to take readings spaced at 0.1 in. over the complete 
aerofoil, from which the waviness errors may be 
calculated. Ona “ Delta ” half-wing of 10 in. x 10 in. 
this necessitates taking approximately 5,000 readings. 


Practical considerations of time and labour with 
present facilities, however, usually limits the number 
of readings to approximately 2,000 and it is realised 
that there is often doubt as to the actual contour 
between grid points. 


There is an urgent need, therefore, for a measuring 
machine capable not only of measuring to a high 
degree of accuracy, but also with a speed of operation 
far beyond the capability of any metrologist. Thus, 
the machine must be automatic in action. Without 
such a means of speedily dimensioning each model, it 
will be impossible in the time available to meet the 
aerodynamicist’s full requirement of measuring 
surface waviness. 


three-dimensional automatic model measuring 
machine 


general description 


On behalf of the Royal Aircraft Establishment, the 
writer’s reaction to the special problems posed by the 
detailed analysis requirement of these models has 
been to initiate the development of a programme 
controlled inspection machine (Fig. 16). 








Fig. 15. Section of leading edge produced by “Shadowgraph” 
method 


Here again the grid pattern technique is employed, 
but with the added advantage that the size of the 
resulting mesh can be considerably reduced. In fact 
it is hoped so to close the grid as to obtain an effective 
check of waviness. The greater number of readings is 
rendered feasible by a measure of automation. 


This machine will consist basically of a carriage 
which can be traversed horizontally between two 
gauging heads. Each of these heads will be adjustable 
vertically up guide pillars, and will include a stylus 
which can be moved towards and away from the 
other head. Digital scales will be provided on each 
of the four linear motions; and a control unit will 
enable the horizontal movement of the carriage and 
the vertical movements of the heads to be preset and 
the horizontal displacements of the styli to be 
recorded. 


In use, the model to be inspected will be mounted 
on the carriage with its longitudinal axis horizontal 
and its spanwise axis vertical—to minimise distortion. 
The grid points at which inspection is desired will be 
defined on punched cards and will be read in pairs to 
specify successive ‘positions for the carriage and the 
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gauging heads. As soon as these positions have been 
reached, each gauging stylus will be moved inwards 
until it touches the model and then the displacements 
of the styli will be recorded on punched cards. The 
device will promptly pass on to the next pair of grid 
points. 

The system as described will, of course, only deal 
with those surfaces of the models which are, say, at 
an angle of not more than 45° to the axis of the 
inspecting styli. But minor complication of the styli 
and of the inspecting sequence will enable even the 
leading edges of highly swept wings to be inspected 
in this automatic manner. 

Inspection will proceed at about 300 grid points 
per hour and on large models as many as 30,000 grid 
points may be needed. The resulting data cards will 
be fed into the fast electronic calculator DEUCE, 
which will assess the data so recorded and will punch 
out summary cards. From these cards, contour maps 
will be printed, to show the discrepancies between the 
actual and the required forms and also the waviness 
of the whole surface. These maps will be in an 
easily assimilable form and will be passed to the 
aerodynamicists for comment on the acceptability of 
the model. 

Needless to say, such inspection will be far more 
complete than any that can be attempted under 
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Fig. 16. Three-dimensional aerofoil inspection machine 





present conditions ot purely manual operation of 
somewhat similar devices. 

Note that although this machine is not a cutting 
tool, it does fall within the broad class of preset-and- 
At each stage the positions of the 
carriage and gauging heads are preset, and then the 
equivalent of a cut is taken by moving the gauging 
styli forward until they touch the workpiece and 
initiate recording. Note too that such a machine 
forms a useful starting point for an automation 
programme, as many difficulties associated with 
machine tools—such as vibration—are absent. 


fundamental design requirements 


The base casting, upon which is mounted the main 
horizontal guideway, must have ample depth of 
section giving extreme rigidity, and be supported 
at three points, two of which should be adjustable for 
height. To a carriage which can be moved along 
accurate horizontal ways is fixed the model to be 
inspected—with its spanwise (Y) axis vertical and its 
longitudinal (X) axis parallel to the ways. On each 
side of those ways is a pair of vertical pillars, up which 
can be moved a support for a gauging head. Each 
of these heads can be traversed automatically along 
a horizontal axis (Z) perpendicular to (X), until 
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deflection of a sensitive stylus indicates that the head 
is at a known distance from the surface of the model. 
The heads can thus detect the displacement of much 
of the model’s surface from a datum plane at each 
of many grid points by positioning the heads vertically 
and the carriage horizontally. 

The leading edge of the wing cannot always be 
inspected in this way, and to enable this to be done 
provision is made for swinging one or other of the 
sensing styli from its normal position—with its 
sensitive axis parallel to the Z axis of the model— 
to a special position with the sensitive axis in the 
XY plane. The arrangement employed will differ 
slightly on the two sensing heads. In one case the 
special position of the sensitive axis will be parallel to 
the X axis and will be obtained by swinging the 
stylus guide about a horizontal axis at 45° to the 
Z axis and passing through the null position of the 
tip of the stylus. This stylus is used to inspect the 
leading edge of slightly swept wings—by moving it 
to each of a number of stations across the leading 
edge by means of its Z lead screw and then advancing 
the model carriage until the stylus makes contact with 
the leading edge. 

In the case of models with highly swept wings, this 
arrangement would result in the stylus striking the 
wing very obliquely and to overcome this the second 
of the two sensing heads is provided with a slightly 
different method of swinging the stylus. The angle 
between the sensitive axis of the stylus and the axis 
about which it swings is increased to about 55°, so 
that the sensitive axis can take up two positions in the 
XY plane inclined at +45° to the X axis. 

In the few cases where the angle of sweep-back is 
almost 90°, the leading edge is again inspected by 
the second of the two sensing heads, but in this case 
the X and Z co-ordinates are preset and the Y co- 
ordinate driven till the stylus makes contact. In the 
case of models whose leading edges have to be 
inspected in this way, it is convenient to inspect the 
remainder of the model by a series of readings taken 
along lines parallel to the Y axis. 

Of these three methods of operation, the desired 
method will be selected manually by means of a 
switch on the control panel. 

The five motions are obtained from nuts working 
on accurate lead screws—the two screws controlling 
the vertical movement of the gauging heads being 
mechanically coupled to ensure that any forces the 
heads impose on the model are directly opposed, 
thus minimising distortion, particularly of thin 
aerofoils. Four servo motors suffice to control the 
device and the positions of the various components 
are indicated by four multi-turn shaft digitisers 
coupled to the lead screws. 


capacity and accuracy 

The horizontal traverse of the carriage and the 
vertical traverse of the gauging heads is to be 52 in. 
The horizontal ranges of both gauging heads is to be 
5 in. and these ranges will overlap by 2 in. The grid 
points will be defined (mesh size of the inspection 
grid is not likely to exceed }in. x } in. in the axial 
and spanwise directions respectively) and the de- 








parture of each surface from datum at those points 
must be measured and recorded to the following 
tolerances: 
In any square | in. x | in. 
Over | in. x | in. 
and up to 4 in. X 4 in. 
Over 4 in. X 4 in. 


+ 0.00005 in. 


+ 0.00010 in. 


and up to 20 in. x 20 in. + 0.00025 in. 
Over 20 in. x 20 in. 
and up to 52 in. x 52 in. + 0.00050 in. 


The accuracy to which the main carriage and 
measuring head will be positioned in relation to grid 


pattern: 
em. --s,. i. -.. OOOOE m- 
ein... ey. aa 0.0002 in. 
Oly. ae, os 0.0003 in. 
26%; —_.:; ae me 0.0004 in. 
521m Cs. one me 0.0005 in. 
conclusions 


There is an urgent need to make models more 
quickly and more accurately and also to measure 
them more completely and in a much shorter space 
of time. 

Much thought has been given during the past few 
years to the problem of producing complicated high- 
speed wind tunnel models in a much shorter floor to 
floor cycle time, and the Paper titled “‘ Automation 
in a Research and Development Workshop ”” (iii) 
given by the writer as principal author, assisted by 
Messrs. S. W. Potter and E. J. Petherick, to the 
Southern Branch of the Institution of Mechanical 
Engineers at Farnborough on 20th, March 1956, 
covers most comprehensively the way in which this 
problem is being tackled. 

This Thesis has attempted to indicate that the 
metrology of such models can indeed be more 
troublesome than the manufacturing problem and 
consequently cause just as severe bottlenecks. 

Further, it has been indicated that the human 
element must be replaced as far as possible in this 
work and therefore automatic means of measuring is 
the logical course to pursue. 
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Production Engineering Research Association of Great Britain 
Quarterly Newsletter 
to the Institution 


H® Royal Highness the Duke of Edinburgh 
recently paid a special visit to the Production 
Engineering Research Association, arriving in Melton 
Mowbray by train and leaving PERA grounds by 
helicopter at the end of his visit. Prince Philip 
expressed keen interest in PERA early in 1958 and 
indicated at that time that he would like to study 
for himself the ways in which PERA is helping 
member firms to improve production efficiency. 

His Royal Highness was met on arrival by Dr. 
D. F. Galloway, Director of PERA, who presented 
representatives of the Town and district. The Duke 
was met at the Association’s Headquarters by Sir 
William Stanier, the President, and Sir Lionel 
Kearns, Chairman of Council. His Royal Highness 
was then taken on a tour of the workshops and 
laboratories which lasted about two hours. 

The tour began in the entrance hall of the new 
research block where a special display of information 
services and of some of the products made by 
members had been arranged. The Duke expressed 
surprise at the great variety of these products, which 











H.R.H. The Duke of Edinburgh placing a billet in a die 
mounted in PERA’s 1,000-ton cold extrusion press. The 
Duke then operated the press to produce a 5 ft. fuel 


canister for a nuclear reactor 
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nuclear reactors 


and guided 
missiles to toys and nylon stockings. At this point, 
the Duke was also introduced to members of the 
staff concerned with translation of Russian literature. 

Prince Philip then entered the main workshops 


now range from 


and toured the metal cutting, metal forming, 
vibration and electronics sections. Many members 
of the staff were introduced to the Duke, who 
throughout the visit displayed a very lively interest in 
all aspects of the Association’s work. He also revealed 
a firm grasp of the problems of the production 
engineer and readily appreciated the economic and 
practical significance of the investigations in 
progress. 

In his tour of the automation section, the Duke 
was particularly impressed by a numerically con- 
trolled machine tool which had been programmed 
to machine the name ‘Philip’ in script characters 
in an aluminium plate. 

The PERA Film Unit was filming drill grinding 
activities during the tour and Prince Philip took 
part in an instructional sequence that was _ being 
filmed. Other metal cutting activities which he 
found especially interesting were the experiments 
being carried out in the radioactive laboratory with 
activated cemented carbide tools, and the milling of 
high tensile steels. 

After a short break, the tour of the laboratories 
was continued at the metal forming section. Here 
the Duke placed a slug in the large extrusion press 
and operated the press himself to produce a 5 ft. 
long extrusion. As this was a forward extrusion 
operation in which extrusion took place within the 
body of the die, the camera in a closed television 
circuit was placed beneath the die to show the 
component actually being extruded. The mechanism 
of cold extrusion was also diagrammatically explained 
in a short colour film. Prince Philip also took a keen 
interest in various other developments in the metal 
forming section, including finish blanking, finish 
piercing, deep drawing, and barrelling. 

Following a tour of the machine tool, metrology, 
chemical and metallurgical laboratories, various 
aspects of the work of the Technical Enquiry 
Section were discussed. The Duke was particularly 
unpressed by the substantial savings made by 
member-firms which have used the  Section’s 
facilities for designing special purpose production 
equipment, carrying out efficiency surveys, investi- 
gating factory layout, and studying methods and 
handling in particular factories. 

Prince Philip then visited the mobile demonstration 
unit where he heard part of a lecture by a 
liaison engineer and saw various scenes from PERA 
films. Finally, Prince Philip visited the Photographic 
and Filming Section and the Education and Training 
Department. 














ca. third Council Meeting of the 1958/59 
Session was held on Thursday, 29th January, 
1959, at the Headquarters of the Institution, 10, 
Chesterfield Street, Mayfair, London, W.1, at 
11 a.m. The Chairman of Council, Mr. H. W. Bowen, 
O.B.E., presided over the meeting, which was 
attended by 28 Members. Also present, by invi- 
tation, were Mr. B. Brewster, Chairman of the 
Coventry Graduate Section; Mr. P. J. Shipton, 
Chairman of the Wolverhampton Section; and Mr. 
C. Ll. Griffiths, Hon. Secretary of the Cardiff Section. 


Election of President, 1959/60 


It was recommended by the Finance & General 
Purposes Committee, and unanimously approved, 
that Mr. G. Ronald Pryor be nominated President 
of the Institution for the year commencing Ist July, 
1959. 


Election of Vice-President, 1959/60 


It was the recommendation of the Finance & 
General Purposes Committee that Mr. J. E. Hill be 
nominated a Vice-President of the Institution for 
the year commencing .Ist July, 1959, but Mr. Hill, 
addressing the Council, said that although he was 
indeed conscious of this honour, during the last six 
months he had taken on additional industrial 
responsibilities which precluded him accepting such 
an Office. 

He did, however, wish to propose the name of a 
man who had done a very great deal for the 
Institution, that of Mr. Harold Burke. Mr. G. R. 
Pryor seconded Mr. Hill’s proposition, which was 
carried unaniinously. 


Annual Subscriptions 

It was recommended by the Finance & General 
Purposes Committee that because the present 
margin of excess of income over expenditure was 
inadequate to meet the Institution’s needs and 
provide for future progress, the annual subscription 
rates for the various grades of membership should 
be increased as follows : 


REPORT OF THE 
MEETING OF COUNCIL 


29th January, 1959 


Proposed Present 
New Rate Rate in U.K. 
Members ... nos no eS OU 6 6 0 
Associate Members ... a oe 6 Fe 6 
Associates... aes < -O {67'S aS O 
Graduates (30 years of age 
and over) ue oa) ee nf 
Graduates (under the age of 313 6 
30 years) nas ae SAS 6] 
Students... ee Sat ee ee 2 ore 
Life Membership ... of Oo © 63 0 0 


Entrance fees. Entrance fees (where payable) shall equal one 

year’s subscription for the grade to which applicant is 

elected. 

NOTE—(i) No increase is recommended for Affiliated 
Organisations. 

(ii) For members outside the U.K. the present 
membership subscription is 10s. 6d. less for each 
grade of membership. The Vice-Chairman of 
Council is corresponding on this point with 
officers outside the United Kingdom. 

The recommendation was adopted and will be 
submitted to an Extraordinary General Meeting of 
the Membership. 


Membership Subscriptions under Deed of 
Covenant 

In view of the provisions made under Section 16, 
Finance Act, 1959, the Finance & General Purposes 
Committee had agreed to make no further claims to 
Inland Revenue for refund of tax on membership 
subscriptions covenants as from April, 1958. 


South African Council 

The Council were pleased to receive from the 
South African Council the sum of £400 to cover 
the current year’s per capital levy, the balance being 
a contribution towards the Institution as a whole. 


Secretary’s Visit to Australia 

It was reported that the Australian Council had 
proposed that the Secretary of the Institution, Mr. 
W. F. S. Woodford, should visit Australia for a 
period of four to five weeks during February and 
March, 1960. The Council adopted the Finance & 
General Purposes Committee’s recommendation that 
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the proposal by the Australian Council be agreed 
in principle, and agreed to examine also the 
possibility of the Secretary visiting other overseas 
Sections at the same time. 


Immediate Past Chairman of Council 

It was pointed out by the Finance & General 
Purposes Committee that the Institution’s present 
constitution did not provide for the best use being 
made of the services of the immediate Past Chair- 
man of Council, which would be of immense value 
due to the experience gained during his period of 
office. It was agreed, therefore, that the Articles of 
Association be amended so that in future the 
immediate Past Chairman of Council be included 
among the Principal Officers. 


The Journal 

It was reported by the Editorial Committee that 
discussions were taking place on future Journal 
policy, with particular reference to the presentation 
of editorial matter. Various suggestions had been 
made regarding the introduction of new features, 
and these and other relevant matters would be 
considered in detail over the next few months. 

Close collaboration was being maintained between 
the Editorial and Papers Committees in exploiting 
various sources for obtaining publishable material 
for the Journal, and discussions on this subject have 
taken place between Chairmen of all Standing 
Committees with a view to obtaining some useful 
suggestions. 

The advertising situation continues to be 
reasonably satisfactory and during the period under 
review several new advertisers have taken space in 
the Journal. The Chairman of the Committee 
continues to keep in close touch with the Advertising 
Agents in this respect, but Council Members were 
again urged to give the maximum support to the 
Journal. 


Institution Papers 

The Papers Committee reported that the 1958 
Sir Alfred Herbert Paper, presented at the Royal 
Institution in December by Sir Cecil Weir, was very 
well attended and received wide publicity. The 
subject was “The European Common Market, The 
Free Trade Area, and The Production Engineer” 
A report of the meeting, with the Paper, appeared in 
the February Journal. 

The 1959 George Bray Memorial Lecture will 
be presented early in 1960, on the subject 
of packaging of engineering products for transit and 
storage at home and overseas. The speaker will be 
Mr. C. H. Bulmer, of The Printing, Packaging and 
Allied Trades Association. 

Arrangements had also been made for the pre- 
sentation of The 1959 Viscount Nuffield and E. W. 
Hancock Papers, the former being given in Glasgow 
by Dr. Timms, of M.E.R.L., and the latter in 
Bristol by Mr. R. A. Banks, Personal Director of 
I.C.I. Ltd. Details of these meetings would as usual 
be circulated to members well in advance. 
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The Chairman of the Papers Committee, Mr. 
F. C. Cooke, has been invited to serve on the Awards 
Sub-Committee. 


Research 
The following reports were made on behalf of the 
Research Committee : 


Materials Handling The new Chairman of the 
Group is Mr. F. E. Rattlidge. Discussions are 
continuing with representatives from the Building 
Research Station on the co-operation necessary, in 
building a factory, between the architect and the 
production engineer. 


Control of Quality The Sub-Committee has been 
reconstituted, with revised terms of reference, to 
consider further activities following the success of 
the Report on “Quality — Its Creation and 
Control”, and is now engaged in planning a 
Conference to be held during the coming summer. 


Co-ordination of Production Management 
Techniques This Study Group has now been 
formed into a Sub-Committee and is in the process 
of drafting its Report. 


Computers and Production Control This Sub- 
Committee has been formed from the Study Group 
on “Electronics and Kindred Modern Developments 
as applied to Process Loading,’ and a Report is 
being drafted. 


Standardisation 

It was reported by the Standards Committee that 
the Sub-Committee on International Standards was 
now engaged on reading and preparing comments 
on the implementation of International Recommen- 
dations for submission to the Main Committee, and 
was also investigating the effect of standards and 
standardisation in the Common Market and Free 
Trade Area. 

The Sub-Committee on Unit Heads and Platens 
was being recalled to formulate proposals for the 
standardisation of limit switches as used on machine 
tools. 

There had also been a meeting, during the quarter, 
of the Joint I.Prod.E./B.S.I. Standing Advisory 
Committee on the use of Standards in Industry, one 
of the main items of discussion being the drafting of 
a Code of Practice for setting up a Standards 
Department. The formation of a Standards Society 
was still under consideration. 


Membership 
The Council approved a number of applications 
for election and transfer, details of which appear 


on pages 157 - 158. 


Region and Section Quarterly Reports 
The Council received a number of Region and 
Section Quarterly Reports. 


Honours 
It gave the Council much pleasure to record the 
names of several members who had been honoured 











by Her Majesty the Queen, details of which appear 


on page 161 of this Journal. 


Obituary 


The Council were sorry to learn of the deaths of 


the following members : 


Associate Members 


G. Whyatt; J. W. Challenor; T. B. Whitehouse; 
W. Bellamy, J. W. Butcher; J. G. Buck. 


Associate 


A. R. Chapman. 


Date and Place of Next Meeting 


It was agreed that the next meeting of the Council 
should take place on 30th April, 1959, at 11 a.m., 
at 10, Chesterfield Street, Mayfair, London, W.1, 


and that an Extraordinary General Meeting be con- 
vened for the same day. 





BIRMINGHAM SECTION 

As Associate Members 
D. H. R. Shaw; L. R. Brazier, H. D. Kettle; 
R. E. Hanley; P. J. Villers. 

As Graduates 
D. J. Stonehouse; M. V. Nichol; G. S. Essex; 
R. A. Yardley; Ae “Barrington; A. Taylor; 
S. Taylor; C. G. Salmon; M. L. Bird; 
M. B. Pakes; J. E. Allsopp; R. Cockin; 
R. V. W. Forsyth; G. Mitchell; D. Fletcher; 
G. M. Coggan. 

As Students 
S. 5 Saluja; R. H. Tuppeny; E. G. Salt; 
Cc. C. Jones; J. E. Henson; J. G. Lacey: 
R. ‘4 Kendall: M. J. Morrissey; B. Allen; 
J. F. Aston; R. L. W. Holder; J. G. Laing; 
J. E. Whorwood; K. J. Gray; A. F. Murcott. 

Transfers 

From Associate 
G. J. Gough; F. C. Shelley. 

From Graduates to Associate Members 
J. L. Hughes; A. S. Brett; P. G. Aone: 
L. H. W. Harris; H. Moore; | a % 
P. Binks. 

From Students to Graduates 

A. Byrne; D. C. Newton; R. A. Irons; 

P. C. Higgins; N. J. Christmas. 


BOMBAY SECTION 
As Graduates 
K N. Ramanarayanan; N. H. Shah. 
As Students 
D K. Bhattacharya; C. P. Narang; A. K. 
Banerjee; C. P. Srivastava; K. Jayaswal; 
H. S. Matharu; M. E. Naidu: S. S. Sachdev; 
I. N. Jayaswal. 
New Affiliated Firm : : 
Messrs. Champion Engineering Works Ltd. 
Transfer 
From Student to Graduate 
V. V. Patel. 


CALCUTTA SECTION 
As Graduates 
K. N. Aggarwal; B. R. Chadda. 
Transfer 
From Student to Graduat 
S. S. Marwaha. 


CANADA SECTION 
ae oo 
L. Ackerman. 
an yee 
. L. Bond; D. S. Binge. 


CARDIFF SECTION 
As Graduates ; 
A. J. Wall; R. J. Davies. 
ay Sap 
Condron; J. J. Roberts; A. Williams; 
ae a Brindley; T. H. Pugh; R. Jones; 
B. W. Jones; G. F. Lewis. 
New Affiliated Firm 
Jones Engineers (Machine Tools) Ltd. 


MM ‘ to M h 








ELECTIONS AND TRANSFERS 


CORNWALL SECTION 
As Students 
I. A. Harrison; A. N. Richards. 


COVENTRY SECTION 
As Associate Members 
N. Edmanson; D. E. Skelley; F. Moore. 
As Graduates 


. R. Henson; T. E. Savage; M. J. Berry; 
D. A. Newell; J. L. Sapsford; M. J. Hill; 
J. A. Blackwell; R. Moreton; N. J. Wilkes; 
D. R. Lindsey; J. Hargreaves; W. Staniaszek; 
Radford; J. A. Chatwin; 


L. Foster; H. J 
W. H. Beck; T. Lenton. 
As Students 


P. H. Champion; J. L. Churchill; C. A. 
Peters; A. J. Segrave; J. E. Cooper; 
R. G. Bradley; D. E. J. Allum; J. G. 


Carpenter. 

Transfers 

From Graduate to Associate Member 
M. P. Marsh. 

From Students to Graduates 


D. P. Hutchinson; R. J. Daykin; J. Shaw; 


M. W. Hancock; R. G. Willson. 


DERBY SECTION 
As Graduates 
W. K. Low .. nae eck; W. . Soe 
R. Brien; B. Sadler; R. T. ‘Ast: E . Green. 
As Student 
E. J. Miller. 
Transfers 
From Students to Graduates 
C. V. Smith; A. R. Taylor. 


DUNDEE SECTION 
As Associate Member 
A raser. 
As Graduates 


H. Foote; J. Crabb; G. W. Galloway; 


I. R. H. Beattie. 
As Students 


A. D. Kidney; G. Ogilvie; J. S. Bowman; 
J. Duff. 


GLASGOW SECTION 
As Associate Members 


F T. Bright; W. J. Williamson; E. R. 


Christie. 
a Graduates 


S. Martin; J. Barclay; D. S. Brown. 


As Students 


G. McCann; G. P. T. Anderson; S. Black; 


D. M. Maitland; J. Crosbie. 
Transfers 
From Graduates to Associate Members 


T. Murray; R. T. B. Birrell; A. A. Finch; 


G. W. Fraser. 
From Students to Graduates 
R. I. Archibald; D. C. Wood 


20th January, 1959 


GLOUCESTER SECTION 
Transfers 
From Graduate to Associate Member 
L. J. Beard. 
From Students to te 
B. A. Nillingtone . ¥ C. Dancy. 


HALIFAX & HUDDERSFIELD SECTION 
As Associate Member 
D_ Lockwood 
As Graduates 
A. Holt; B. D. Carter. 
Transfer 
From Student to Graduat 
G. F. Stead. 


IPSWICH & COLCHESTER SECTION 
As Graduates 

N. K. Mandal; N. W. Rushton. 
Transfer 
From Graduate to A iate Memb 

D. A. Roberts. 


LEEDS SECTION 
As Member 


N. W. Moore. 
As Associate Member 
J. Mercer. 
As Graduates 
P. Bullough; M. D. Hicks. 
Transfers 
From Graduates to Associate Members 
C. B. Dale; E. A. Boyes; W. McAlpine; 
K. L. Horn; R. C. Taylor. 
From Student to Graduat 
T. Leadbeater. 


LEICESTER SECTION 
As Graduates 
K. R. Newton; J. R. Sareen. 
As Students 
D. R. Coleman; R. Dalby; M. Oyarzabel. 
Transfers 
From 
E. V. Carter. 
From Students to Graduates 
A. Hall; T. N. Bennett; D. York. 


LINCOLN SECTION 
Trausfer 


From Student to Graduate 
J. Sherman. 


LIVERPOOL SECTION 
As Graduates 
M. J. Chidley; C. J. D. Butler. 
As Students 
D. J. Reid; D. Beamer; G. A. D. Pop 
P. G. Davies; D. K. Morgan; P. Hughes; 
R. W. Bloor. 
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Transfers 

From Associate Member to Member 
F Schofie 

From Graduate to ite Memb 





G. D. Kendrick. 
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LONDON SECTION 
As Members 
E. C. A. Goodwin; J. B. Race; J. H. Farmer; 
R. O. H. Wilkinson. 
As Associate Members 
G. Lawrence; A. I. McCrerie; J. N. Coker; 
W. K. Jude; C. S. Clack; M. J. Bunn; 
I. FP. toc: L. G. BR, eers; J. L. Lee; 
N. R. Pratley; G. E. Morley; M. V. Hynes; 
W. A. L. Smith 
As Graduates 
J. Fitzpatrick; B. J. Holloway; J. E. Shaw; 
. Hipkin; oy ‘Worthington: 
" Banfield; A. T. Afford; R. M. Hassell; 
.F. Ransom; P. M. Slaughter; J. Wisden; 
D. Hitch; P. J. Murgatroyd; E. Harris; 
J. Clench; R. J. Tuthill; A. C. Palmer; 
. V. Ellis; J. W. Stringer; G. E. Lewis; 
M. Blew; A. E. J. Monk; R. T. J. Self; 
P. W. Talkinton; W. E. Wilkes; P. J. Pope; 
E. W. Lindley; W. W. Webb; B. A. Smith; 
P. J. Wildhaber. 
As Students 
B. B. Broughton; D. E. Walsby; D. V. Shaw; 
B. A. Golding; G. C. Shadbolt; J. A. Fulks; 
J. P. Harris; P. H. S. Edwards; G. T. Flint; 
J. D. Townsend; A. J. Murrell; M. H. Blake; 
» oy am 8 Blayney-Simpson; L. J. Fisher; 
R. V. Perry; G. A. Quiney; A. J. Coleman; 
D J. Bindley. 
Transfers 
From Associate Members to Members 
G. Walters; D. E. Austin; J. H. Spurr; 
S. Slingsby; P. White. 
— Graduates to Associate Members 
. E. Tout; A. K. Gill; D. L. M. Pickard: 
s C. Porter: S. F. Cogger: A. J. Grainer; 
A. D. Prothero; R. A. Hall; K. A. Crago; 
A. J. Lawrance. 
From Students to Graduates 
P. D Beedie; K. W. Chappell; P. N. Day; 
P. E. G. Casemore; J. F. W. Walker; 
L. W. N. Jones; K. E. Younge; R. D. Bald; 
M. A. Tinley; C. C. Trott; K. E. Reader: 
B. E. Bayley; A. C. Faluyi. 


PERP OSC: 


LUTON SECTION 

As Graduates 
P. L. Willson; R. F. Howes; P. J. Hill; 
J. M. Sharman; M. Murden; P. S. Clark; 
R. B. Price; R. D. Phillips; M. F. Davy; 
R. A. King: F. O. Piggott; P. A. Ellis; 
D. Smith; R. J. Perry; R. S. L. Sayer; 
D. R. Potter; C. S. Geary. 

As Students 
F. G. Pearson; J. B. Piggott; G. J. Hill; 
R. E. Mynott; P. J. Comben; F. Plumb. 

Transfers 

From Graduates to Associate Members 
W. M. Stern; C. S. Morgan. 

From Students to Graduates 
J. A. Laurie; K. L. Reynolds; N. A. Dilley; 
G. D. Currie. 


MANCHESTER SECTION 

As Associate Members 
B. F. Crank: D. I. MacDonell; A. Shaw; 
B. V. Abhyankar. 

As Graduates 
G Willis, R. O. Lancaster; B. J. Newton; 
V. A. Cowen; J. R. Noble; H. Owens; 
J. McCormick; D. S. Ward. 

As Students 
G. F. Hall; A. Binnie; R. E. Percival; 
R. J. Aird; D. Picken; H. W. Ratcliffe; 
C. A. Jones. 

Transfers 

From Graduates to Associate Members 
D. Brownlie; G. R. Connor; I. E. Taylor. 


MELBOURNE SECTION 
As Member — 


R. I. Johnston; J. N. Sutton. 
Transfers 
From Associate Members to Members 

J. Carter; V. G. Burley; E. F. Faggetter. 
From Graduate to Associate Member 

D. C. Marley. 


NEWCASTLE UPON TYNE SECTION 
As Graduates 
A. K. Mitra; T. Worswick. 
As Student 
G. Blue. 
Transfers 
From Graduate to Associate Member 
G. Ellis. 
From Student to Graduat 
G. Watson. 
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NORWICH SECTION 
As ens 
R. Newnes. 
anaes 
From Student to Graduat 
D. St. A. Hunt. 





NOTTINGHAM SECTION 
As Graduate 
. E. Guy. 
As Student 
M. G. Cross. 
Transfers 
From Associate Member to Member 
R. F. Bush. 
From Student to Graduate 
J. C. Covell. 


OXFORD SECTION 
As Graduates 


P. J. T. Gorle; H. E. Barber; A. L. French. 


As Students 
I. L. Slade; R. C. Baker. 
Transfer 
~— Graduate to Associate Member 
. R. Merritt. 


PETERBOROUGH SECTION 
As Graduate 
S. S. Mathur. 
As Students 


Brasier-Creagh; J. M. Payne; E. A. 


Warman. 


PRESTON SECTION 
As Graduates 


A. Kathpalia; P. D. Price; T. K. Henry: 
J. W. Bell; J. Desai; S. Lynch; A. Bond: 


J. P. Townsend; J. Marsden. 
As Student 
D. Scholes. 
Transfers 
From Graduate to Associate Member 
C. H. Scaife. 
From Student to Graduate 
R. J. Maxwell. 


READING SECTION 
As Associate Member 
W. E. Woodley. 
Transfer 
From Student to Graduate 
G. A. Mills. 


ROCHESTER SECTION 
As Graduate 
A. Goldsmith. 
As Students 


A. Leggett; J. W. Goodhand; A. J. Clark; 


J. Swarup. 

Transfers 

From Graduate to Associate Member 
R. C. Stubbs. 

From Students to Graduat 
D. Neilson; D. R. Gaskin. 





SHEFFIELD SECTION 

As Students 

P. J Wilson; P. Brown; R. Batty. 
Transfers 
From Associate Members to Members 

H. Steel; M. F. Stuart-King 
From Student to Graduate 

K. M. Walker. 


SHREWSBURY SECTION 
As Associate Member 


J. R. Willocks 

As Student 
D. W. G. Uffindell. 

Trausfer 

From Graduate to Associate Member 
D. A. Bloom. 


SOUTHAMPTON SECTION 
As Member 
B. W. Boyd. 
As Associate Member 
J. A. Fielden. 
ns Graduate 
G. Badley. 
As! Students 
B. E. Worrall; R. E. Poole. 
Transfers 
From Students to Graduates 


D. Cookson; E. W. Smith; A. J. Morris. 


SOUTH AFRICA SECTION 
As Students 
L. J. J. Muller; B. J. Youngworth. 


SOUTH ESSEX SECTION 
As Associate Members 
v Mould; D. E. Brittaine. 
As Graduates 
C. J. Clark; D. J. Buckley; I. D. Tampen; 
P<. oe J. W. Charman; R. G. Rowe. 





As Studen 
A. H. "Mallard: D. G. Melven. 
Transfers 
From Graduate to A jiate Memb 
H. Johnson. 


From Students to Graduates 
H. Heath; P. S. H. Irvine. 


STOKE-ON-TRENT SECTION 
As Graduates 
C. Tweats; D. E. Rogers. 
As Student 
R. L. Franklin. 
Transfer 
From Graduate to Associate Member 
A. F. Meadows. 


SWANSEA SECTION 


Transfer 
From Graduate to Associate Member 
D. F. Ormrod 


SYDNEY SECTION 
As Associate Members 
N. L. Hannon; G. Lorenz. 
Transfer 
From Student to Graduate 
. Stevenson. 


TEES-SIDE SECTION 

As Graduates 

N. M. Holmes; J. E. Adlington. 
As Students 

D. J. Davies; J. Wharton. 
Transfers 
From Graduate to Associate Member 

G. J. Fletcher. 
From Student to Graduate 

A Best. 


WESTERN SECTION 
As Graduates 
I. G. Dauncey; J. Jones. 
As Students 
A.R. nig Woods; E. R. H. Damagnez; 
J. E. Halsey; D. J. Haxell. 


Transfers 
From Students to Graduates 
Hiscox; M. C. Staley: M. J. Bolwell; 
J. H. Salt. 


WOLVERHAMPTON SECTION 
As Associate Member 


G. Pearson; R. T. Joesbury; D. G. Stern; 
L. Arrowsmith; E. V. G. Albrecht; J. Higgs; 
T. F. Tranter; D. Lardge; C. J. Smith; 
M D. W. Coggins; R. W. Trubshaw. 

As Students 
P. J. Forrest; R. C. Ellis; R. G. Holding; 
B. J. Prew; J. Carter; M. S. Akhtar; 
L. Kureishi. 

Transfers 

From Graduates to A iate Members 
W. T. Massey; J. A. Gough; V. J. Reeve; 
F. J. J. Haddock; C. J. Micklewright. 

From Students to Graduates 
H. N. Summerfield; G. W. Holden; 
K. Knott. 





WORCESTER SECTION 

As Graduates 

H. B. Cartwright; B. Sutor. 
As Student 

E. J. Wallis. 
Transfers 
From Graduate to Associate Member 

Mutton. 

From Student to Graduate 

B. K. Reeve. 


NO SECTION 
As Member 


. J. L. Dolan. 
As Associate Member 
F. W. Ree 
Transfers 
From Graduate to Associate Member 
G. A. Serge 
From Stud duat 
A. F. Eon 
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REGIONAL MEETINGS 


The ene at this year’s South Eastern Regional 
, Meeting will be Mr. Edwin 
Fletcher, Secretary of 
the Production Department 
of the T.U.C., who is to 
give an address on “Indus- 
trial Relations and The 
Production Engineer”. 

The meeting is to be held 
on Thursday evening, 23rd 
April, 1959, at the Royal 
Commonwealth Society, 
London. 


In the North-West, the 1959 Regional Paper is 
to be given by Mr. Allan Ormerod, A.M.1.Prod.E., 
Production Director of Ashton Bros. & Co. Ltd., 
on 27th April, at the Manchester College of Science 
& Technology. Mr. Ormerod is to speak on pro- 
ductivity in the cotton textile industry. 


SEVENTH CONFERENCE ON AIRCRAFT 
PRODUCTION 

Members are reminded that the closing date for 
the receipt of applications to attend the Seventh 
Conference on Problems of Aircraft Production is 
Monday, 30th March, 1959. 

An application form, together with details of the 
programme, will be found in the Supplement to this 
Journal. 


CONFERENCE SPEAKERS 


Lord Douglas of 
Kirtleside, Chairman, 
British European Airways 
(The Lord Sempill Paper) 

Mr. Peter Masefield, 


Managing Director, 
Bristol Aircraft, Ltd. 
(Session II) 


institution 








NEW PRESIDENT OF THE AUSTRALIAN COUNCIL 


Mr. James M. Steer, M.1I.Prod.E., a Director of 
McPherson’s Ltd. of Australia, who was recently 
elected President of the Australian Council, has had 
a long association with the Institution during which 
he has made an outstanding contribution to its 
progress and expansion in Australia. 

Mr. Steer joined the Institution in 1933, as a 
member of the Birmingham Graduate Section, and 
was subsequently Hon. Secretary of the Senior 
Section for two years. In 
1936 he was transferred to 
Australia by his company. 
Associated British Machine 
Tool Manufacturers, Ltd.., 
and assisted in the forma- 
tion of the first Section of 
the Institution in Australia, 
in Sydney. He read a Paper 
at the inaugural meeting in 
March, 1938, and was 
elected Secretary of the 
Sydney Section, retaining 
that office until 1948. 

When the Australian Sub-Council (as it was then 
known) was formed in 1944, Mr. Steer filled the 
office of Secretary for a year until his transfer to 
another State, South Australia, where he served for 
three years on the Committee of the Adelaide 
Section. In 1954, he moved to the State of Victoria 
and was elected to the Committee of the Melbourne 
Section, taking office as Chairman of the Section 
from 1956 to 1958. 

He was elected Chairman of the Australian Council 
in November, 1957 and completed his term of office 
in October, 1958. 

In view of his long, continuous and devoted 
services to the Australian Council and three Sections, 
his fellow-members unanimously agreed that he be 
elected to the highest office — that of President of 
the Australian Council and of the Institution in 
Australia. Under his leadership the Institution can 
look forward to increased activities and enhanced 
prestige, building on the foundation set by his 
predecessors. 





Mr. S. P. Woodley, General 
Manager, Vickers-Armstrongs 
Aircraft, Ltd. (Session Ill) 








notes 








LORD AUSTIN PRIZE 1957 


Mr. J. F. Percival, Graduate, who was awarded 
the Lord Austin Prize for 1957, decided to spend 
the prize money on a visit to the Brussels Inter- 
national Fair. In a letter to the Chairman of the 
Awards Committee, describing his visit, Mr. Percival 
writes : 


general impressions 


“It is only possible in two or three days to gain 
a general impression of such a vast collection of 
exhibits and to study a few items in greater detail. 
I find myself left with three outstanding general 
impressions and a very high opinion of two of the 
dozen main Pavilions I was able to visit. 


“The first two impressions concern the pleasant- 
ness and the ingenuity of the external designs of 
the buildings, and the beautiful effects produced 
with flowers, water and light. Being of an archi- 
tecturally conservative nature, the manner in which 
the futuristic creations blended with natural 
surroundings and with the natural adornments of 
gardens and fountains both surprised and pleased 
me greatly. Perhaps, as usual, the best of man’s 
efforts please; the second best, which is our more 
usual lot, leaves much to be desired ! 


a criticism 


“The third and overriding impression is also my 
one source of serious criticism and this is of the 
Atomium. This was created to symbolise both the 
character of the age and of the Exhibition itself; 
which it did admirably, its size and startling outline 
giving it a seemingly ubiquitous nature. But what 
a pity to allow individual industrial companies to 
exhibit within the sphere, with the consequent self- 
advertisement and biased presentation! An imper- 
sonal and comprehensive story of the past, present 
and future developments of nuclear and thermo- 
nuclear science as the servant of mankind would, I 
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The Annual Dinner-Dance of the Newcastle upon Tyne 
Section was held on 7th January last, when the Section 
were pleased to welcome among the principal guests the 
President of the Institution, The Rt. Hon. the Earl of 
Halsbury, F.R.I.C., F.lnst.P. This photograph shows Lord 
Halsbury (left) with the Section Chairman, Mr. A. Cameron, 
(centre) and Dr. W. Reid, Chairman of the Durham 


Division of The National Coal Board. 


feel, have been a far more fitting story for this prime 
exhibit to tell. 


“The two Pavilions which gave me the greatest 
pleasure were those of the United Kingdom and the 
Belgian Congo. Though that of the U.S.S.R. was 
impressive for the size and power of its exhibits, it 
was quite cold and unhuman; similarly, that of the 
U.S.A. with its accent on ‘modern living’ did not 
seem to mirror the lives of human beings. But the 
United Kingdom Pavilion, with the diversity of 
thought which it expressed, appeared to capture and 
portray the life of a people more happily than of 
the other great Powers. In this respect the most 
natural and expressive Pavilion I saw was that of 
the Belgian Congo, which was symbolised by the 
simple statue of a native girl which stood alone in 
the centre of the large foyer. This figure appeared 
to welcome one with the words: ‘I may seem queer 
by your standards, and a little misshapen, but I am 
the centre and purpose of this whole pavilion’. 


“The sincere and earnest story told in _ this 
building was a startling and welcome contrast to 
the glittering metal and slightly synthetic nature of 
sO many.” 


MEMBERS TRAVELLING OUTSIDE THE U.K. 


Members who are visiting Australia, New Zealand 
India, South Africa or Canada are reminded that 
the Institution has local Sections in these countries, 
where they will be made very welcome by the 
Institution’s Honorary Officers and members there. 


Papers on subjects of interest to production 
engineers and managers are always welcomed, and 
any members who are visiting one of the Sections 
outside the U.K., and who would like letters of 
introduction, should inform the Secretary of the 
Institution at 10 Chesterfield Street, Mayfair, 
London, W.1. 

















Honours 


The Institution warmly congratulates the following 
members who have been honoured by Her Majesty 
The Queen : 

Knight Bachelor 

Mr. E. J. Pode, Member, Managing Director, The 

Steel Company of Wales, Ltd. Mr. Pode was Presi- 


dent of the South Wales Section of the Institution in 
1946 /47. 


O.B.E. 


Mr. T. Bancroft, Member, of Blackburn & General 
Aircraft, Ltd.; Mr. A. E. Morrison, Affiliated 
Representative, Managing Director of Moore & 


Wright (Sheffield) Ltd. 


The Institution is also pleased to record that 
Mr. B. A. Williams, C.B.E., Member, has been 
appointed a Commander of the Order of the Crown 
by H.M. The King of the Belgians. Mr. Williams is 
a Past Chairman of the Liverpool Section of the 
Institution. 


Obituary 

The Institution records with deep regret the deaths 
of the following members : 

Sir Claude Gibb, Chairman of C. A. Parsons 
& Co. Ltd., who died suddenly while on a business 


Changes of 


Mr. D. L. Deshpande, Member, has _ been 
elected Chairman of the Mechanical Section of the 
Institution of Engineers (India) for the next three 
years. ; 


Mr. K. J. Hume, Mem- 
ber, has been appointed 
Reader in Production 
Engineering at  Lough- 
borough College of Tech- 
nology. Mr. Hume is 
Chairman of the _ Institu- 
tion’s Membership Com- 
mittee, and a past Chair- 
man of the Papers 
Committee. 





Mr. R. R. Kenderdine, Member, has _ been 
elected a Director of Crompton Parkinson Limited, 
and becomes a Managing Director. Mr. Kenderdine 
has been with Crompton Parkinson since 1949 and 
was Production Engineer at Chelmsford before 
taking over a Works Directorship. 








members 


news of 


trip to America. He was Chairman of the North- 
East Section of the Institution (now Newcastle upon 
Tyne) in 1946/47. 


Mr. Ian Hollins, a director of The British North- 
rop Company, whose sudden death at the age of 45 
greatly shocked his friends and colleagues. 


Mr. G. W. Corkindale, 
an executive of Jackson 
Industries, Ltd., Luton and 
responsible for the engin- 
eering side of the works. 
Mr. Corkindale was a mem- 
ber of the Luton Section 
of the Institution from its 
inception and had_ served 
on the Section Committee 
for some years. 





Mr. D. W. Thomas, Chairman of the Board of 
Governors of Cornwall Technical College, whose 
death will prove a great loss to the Cornwall Sec- 
tion. Mr. Thomas took a great interest in Institution 
affairs, in particular the Compressed Air Conferences 
which have been organised by the Section. 


Appointment 


Mr. L. S. Pitteway, Member, has relinquished 
his appointment with Taylor, Taylor & Hobson 
Limited (Rank Precision Industries Ltd.), and has 
taken up a position as Senior Lecturer in Manage- 
ment Studies at the Nottingham and _ District 
Technical College. He is a past Chairman of the 
Leicester Section of the Institution. 


Mr. Stanley F. Steward, C.B.E., Member, has 
been appointed Director-designate of the British 
Electrical and Allied Manufacturers Association, 
and has relinquished his directorships of the 
Lancashire Dynamo Companies. 


Mr. R. E. Wilson, Member, Managing Director, 
has recently retired from Fescol Limited, London. 
Mr. Wilson joined the Company in 1928 and during 
his long service has guided it through a period of 
considerable expansion. In 1948, Mr. Wilson 
was awarded one of the Institution’s Annual Medal 
Awards for his Paper on “The Relative Merits of 
Electro-deposited Nickel and Chromium”. 
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Mr. R. J. Bailey, Associate Member, who until 
recently was Liaison Design and _ Production 
Engineer to Martonair Limited, has been appointed 
Engineer for the Farnham Factory. 


Mr. D. Bridge, Associate Member, has taken 
up an -appointment as Lecturer in the Mechanical 
Engineering Department at Portsmouth College of 
Technology. 


Mr. R. A. Foley, Associate Member, has been 
appointed Production Engineer of the Camden 
Street Group of Messrs. Wilmot Breeden Limited. 


Mr. James T. Foster, Associate Member, has 
terminated his contract with the Burma Oil Co. 
(1954) Ltd. as Training Officer, Chauk. He has now 
been appointed as Diesel Engineering Expert to The 
Regional Diesel Mechanics Marine Training Centre 
at Dalla Dockyard, Rangoon, under the Inter- 
national Labour Office of the United Nations. 


Mr. J. Hartley, Associate Member, has taken 
up an appointment as Lecturer in Charge, Mechani- 
cal and Production Engineering Courses, at Bishop 
Auckland Technical College, Co. Durham. 


Mr. J. N. Hemsley, Associate Member, has 
recently retired after 20 years’ service as London and 
Southern Counties representative of Messrs. Deloro 
Stellite Limited. 


Mr. W. H. Howes, Associate Member, has been 
appointed a Director of Newmark (London) Distri- 
butors Ltd., a subsidiary Company formed to handle 
sales and technical services for the Newmark Group. 


Mr. W. Mearns, Associate Member, has 
relinquished his position of Assistant Lecturer, 
Grade B at Rutherford College of Technology, New- 
castle upon Tyne, to take up a position with the 
Durham Education Authority, as Lecturer in Charge 
of the combined Mechanical, Electrical, Building and 
Mining Department, at Consett Technical College. 


Mr. E. R. Nicholls, Associate Member, has 
taken up an appointment with the Ministry of 
Labour and National Service, London. He was 


previously stationed at the Government Training - 


Centre, Leicester. 


Mr. P. J. Galliford, Graduate, has recently been 
appointed a Project Engineer to the Metal Box 
Company Ltd., Production Engineering Division, 
Swindon. 


Mr. E. J. Hathaway, Graduate, has now taken 
up a position as Chief Instructor of the Metal Box 
Company's Apprentice Training Centre, Acton. 


Mr. J. G. Hyland, Graduate, has relinquished 
his position at the Safca Aerosol Manufacturing 
Company Ltd., and has taken up an appointment 
as Manager of a sister Company of the Safca 
Aerosol Valve Company Ltd., Bracknell, Berks. 


Mr. J. E. Johnson, Graduate, has been 
appointed General Manager of Tubewrights Ltd., 
Newport, Mon. 


Mr. R. Worrall, Graduate, has recently taken 
up an appointment as Management Analyst with the 
Tranian Die Refining Company at Abadan, Iran. 











DIARY DATES FOR 1959 


March 11th 
Speaker : 


The 1958 Viscount Nuffield Paper, to be presented at the University of Birmingham. 
Dr. N. P. Inglis, Metals Division Research Director, Imperial 


Chemical Industries Limited. 
Subject: “The Production, Fabrication, Properties and Uses of Some of the 
Newer Metals ”. 


April 16th/17th 
Journal.) 


April 29th 
Speaker : 


The Seventh Aircraft Production Conference, Southampton. (See Supplement to this 


The 1958 George Bray Memorial Lecture, to be presented in London. 
Mr. Mark Bogod, Director, J. Lyons & Co. Ltd. 


Subject: “ The Search for Productivity in a Food Industry.” 


October 12th... 


Speaker : 
Limited. 


The 1959 E. W. Hancock Paper. to be presented in Bristol. 
Mr. R. A. Banks, Personnel Director, Imperial Chemical Industries 


Subject: “Human Relations in Industry.” 


November 19th 
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The Annual Dinner, Dorchester Hotel, London, W.1. 
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Association of Light Alloy Refiners and Smelters, London. 
** The Properties and Characteristics of Aluminium 
Casting Alloys.”? London, the Association, 1958. 105 
pages. Tables. 4s, 6d. 


The first A.L.A.R. data sheet was published in 1945. 
Since then 20 sheets or sets of sheets have been distri- 
buted. This edition contains all the data included in the 
larger version and, in addition, devotes a number of 
pages to nine standard alloys. Revision has enabled the 
presentation to be simplified and much of the earlier 
duplication of data — unavoidable in separately printed 
sheets — has been avoided. Contents: Standard 
aluminium casting alloys —- Guide to the selection of 
aluminium casting alloys — Properties and characteristics 
of individual alloys — The heat treatment of aluminium 
alloy castings — Identification of aluminium casting 
alloys. 


Barnes, Ralph M. ‘* Motion and Time Study Applications.” 
New York, Wiley, 1958. 188 pages. Diagrams. Charts. 


The material in this volume was prepared for use in 
college courses, for use by industries conducting training 
courses and as a manual for all those interested. Most of 
the studies are correlated with films which may not be 
available in this country, but this fact does not altogether 
detract from the usefulness of the book, since the 
illustrations, diagrams | and charts are profuse and clear. 
The studies include: “ Motion study applied to clinical 
dentistry” ; “ A study of simultaneous symmetrical hand 
motions ” ; “How shape of pin affects bar- -positioning 
time” ;_ “A study of numerical ticket sorting” ; “An 
application of time standards for strip stock punch press 
work ”. The book should be a useful adjunct to the 
basic text books of work study theory. 


Boneham, W. “ Fine Boring and Turning.”” London and 
Brighton, Machinery Publishing Company, 1958. 67 
pages. Illustrated. Diagrams. 5s. (Machinery’s Yellow 
Back Series, No. 43.) 


Contents: Basic principles — Fine boring machines — 
Heads and quills — Cutting tools, feeds and speeds, and 
coolants — Fixture design and fine boring applications. 


Bryan, Leslie A. ‘“* Traffic Management in Industry.” 
New York, Dryden Press, 1953. 452 pages. Diagrams. 
£2 4s. Od 


Contents: The field of traffic management — Functions 
of a traffic department — The geography of traffic — 
Organisation and administration of a traffic department 
— Bills of lading — Other shipping documents — The 


shipping department — The receiving department — 
Routing of shipments — The rate department — Freight 
classification — Tariffs —- Expediting freight services — 
Special freight services and privileges — Interplant 





ADDITIONS 


transportation — Materials handling and storage — 
Local transportation ——- Express, mail and _ passenger 
services — Claims — Commission procedures and 
practice. 


Carson, Gordon R. (editor). ‘* Production Handbook.” 
2nd edition. New York, Ronald Press, 1958. 29 sections. 
Various paging, Illustrated. Diagrams. 


The second edition of Alford and Bangs’s Production 
Handbook, which has for long been a basic management 
reference book for production engineers. The 25 sections 
contributed by specialists comprise: Plant organisation — 
Production planning and control — Production control 
systems and _ procedures — Materials control and 
standardisation — Purchasing — Storekeeping — Inspec- 
tion — Quality control — Statistical methods — 
Charting and graphic methods — Process charts — 
Work measurement and time study — Motion and 
methods study — Work simplification — Wage plans and 
controls — Electronic computers — Research and 
development — Operations research — Plant layout and 
location — Manufacturing processes — Tools — Jigs 
and fixtures — Machinery and equipment economics -- 
Materials handling — Plant maintenance ——- Safety and 
fire prevention. 


De Paula, F. Clive. ** Management Accounting in Practice.” 
An examination of some of the problems that arise. 


London, Pitman, 1959, 158 pages. 18s. 


Much has been written about the theory of management 
accounting. This book is an attempt to discover some of 
the problems that arise when the theories are put into 
practice. Contents: The development of accounting in 
industry — Installing standard costing, budgetary control 
and variance accounting - Budgeting | outputs for 
standard costs —- Who wants what costs ? —- How and 
when costs should be presented — The treatment of 
variances in end-year stock in trade — The control of 
service department costs — Fuel and steam costs The 
link between shop floor records and management accounts 
— The financial implications of plant installation and 
their effect on product costs —- Conserving resources of 
working capital — Mechanised accounting and electronic 
computers, 


Farr, Michael. ‘* Design in British Industry.””. A mid- 
century survey. with a foreword and postscript by 
Nikolaus Pevsner. Cambridge, University Press, 1955. 
332 pages. Plates. 65s. 


A survey of the work of industrial designers of consumer 
goods, including domestic appliances, radio and television 
cabinets, pottery, glass, leather goods, motor-cars and 
furniture. There are chapters on the place of the crafts- 
man in industry, on design standards, utility schemes, on 
the education of designers, and the relationship of mass- 
production to design, 
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Hunter, Donald. 


Metzger, Robert W. 





N 


* Health in Industry.” Diseases and 
accidents to which workers in industry are liable, and 
how they may be treated and prevented. Harmondsworth, 
Middlesex, Penguin Books, 1959. 288 pages. Photographs. 
4s. (Penguin Medical Series.) 


The author is senior p! ysician to the London Hospital, 
and a specialist in industrial medicine. The book is 
interesting in that it includes information on the nature 
of the various industrial diseases. The book is not 
intended to be a vade mecum for those concerned with 
the health and safety of workers in particular industries, 
but it adequately fulfils its purpose of providing a 
generalised introduction to the problems of industrial 
hygiene. Contents: History of industrial medicine 

Legislation affecting the worker Poisoning by metals 


and their compounds — Poisoning by organic compounds 
Dust diseases of the lungs — Other occupational 
diseases Glossary of technical terms — Suggestions for 


further reading and reference. 


** Kempe’s Engineers Year Book.” 64th edition. 2 volumes. 


London, Morgan Brothers (Publishers), Ltd., 1959. 
1,324 pages, 1,416 pages. Diagrams, Tables. £4 2s. 6d. 


The information contained in this reference book covers 
almost every branch of engineering. Additions have been 
made to 24 chapters, and the following chapters have 
been re-written: Flow metering and mechanical testing 
Refrigeration — Paints and varnishes. 


“*Elementary Mathematical 
Programming.” New York, Wiley; London, Chapman 
and Hall, 1958. 246 pages. Diagrams. Tables. 48s. 


Designed for the reader with a limited background in 
mathematics who wishes to understand the basic tech- 
niques and applications of mathematical programming. 
Chapter 1 provides general and introductory material 
about operations research and mathematical pro- 
gramming. Chapters 2, 3 and 4 present the three groups 
of methods, namely, distribution, simplex and approxi- 
mation methods, with sample problems which for the 
most part are sufficiently simple to be solved by inspec- 
tion. Chapter 5 contains the complete solution and 
analysis of two typical industrial problems: a manu- 
facturing and a blending problem. Chapter 6 discusses 
the applicability of high-speed computers for solving 
problems. Chapters 7, 8 and 9 illustrate the details of 
various problems solved by mathematical programming : 
in production planning, stock slitting, materials handling 
scheduling and job and salary evaluation. There is a 
fairly extensive graded bibliography. This book is a 
useful introduction to operational research, particularly 
for the engineer or manager who wishes to understand 
“how it works’, and who has usually to choose between 
the non-technical work which in effect tells only what 
operational research can do for him, and the scientific 
work, which is comprehensible only to advanced 
mathematicians. 


Pound, J. “ Practical Radio Frequency Heating for the 


Wood Industry.” London, Heywood, 1957. 198 pages. 
Illustrated, Diagrams. 30s. 


The author’s object is to explain in non-technical language 
how radio frequency heating works and how it is applied 
in the wood industry. Contents: Adhesives — General 
principles of radio frequency heating Generators — 
Jigs —- Through and transverse heating Glue line 
heating — Stray field heating Miscellaneous applica- 
tions Matching Other heating methods 
Economics of radio frequency heating. 
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Truxall, John G. 


Woodward, 


“Control Engineers‘ Handbook.” 
Servomechanisms, regulators and automatic feedback 
control systems. London, New York, McGraw-Hill, 1958. 
19 sections. Various paging. Diagrams. £7 3s. 6d. 


A handbook for engineers, designers and development 
engineers on components and techniques for use in the 
design of feedback control systems. Contents: Tables 


and mathematics — Basic feedback control system 
theory Design technique — Specialised design tech- 
niques —- Computers in control — Electronic control 
elements — Magnetic amplifiers — Transistors and 
miniaturisation — Thyraton amplifiers — Contactors and 
relays Electric power supplies —- Electro-mechanical 
actuators — Mechanical components — Clutches and 
brakes — Hydraulic controls — Pneumatic components 
Signal transducers — Regulators, 


Vickery, B. C. ** Classifications and Indexing in Science.” 


London, Butterworth’s Scientific Publications, 1958. 185 
pages. 25s. 


The storage and “ retrieval’ of scientific and technical 
information becomes more difficult as more information 
becomes available, and as the inter-relationships of the 
various sciences and technologies become more complex. 
Machine retrieval systems which may help are still in the 
experimental stage and must, in any case, be based on a 
sound classification scheme. A classification scheme per- 
forms two functions: it identifies the object searched for, 
and it indicates its relationship to other objects. This 
book is a manual on the construction and use of classifica- 
tion schedules for science and technology, and on subject 
indexing. Its emphasis is on the combinatory or “faceted” 
type of classification, which, whether or not recognised as 
such, is familiar to many punched card users. The title 
of the book precisely indicates its scope: it is a con- 
venient summary of modern thought and practice in the 
field of classification of scientific information, and 
touche; only incidentally upon the basic logical principles 
which underlie classification schemes. 


Joan. “ Management and_ Technology.” 
London, H.M.S.O., 1958. 40 pages. Diagrams. (Depart- 
ment of Scientific and Industrial Research. Problems of 
Progress in Industry, No. 3.) 2s. 6d. 


The object of this series of pamphlets is to present 
briefly the results of research into the social, economic 
and_ technical problems of industrial progress. The 
research described in this pamphlet was an attempt to 
discover whether the principles of organisation pro- 
pounded in management theory correlate with business 
success when put into practice. It was carried out by the 
Human Relations Research Unit of the South East Essex 
Technical College, which studied 91% of the firms in 
South Essex with over 100 employees. “ It appeared from 
the studies that technical methods were the most 
important factor in determining organisational structure, 
and in setting the tone of human relationships inside the 
firms. The widely accepted assumption that there are 
principles of management valid for all types of production 
systems seems very doubtful — a conclusion with wide 
implications for the teaching of the subject . . . the 
danger lies in the tendency to teach principles of 
administration as if they were scientific laws, when they 
are really little more than administrative expedients 
found to work well in certain circumstances but never 
tested in any systematic way .” This does not mean, 
says the author, that management theory has no value, 
but its limitations must be recognised, and its principles 
subjected to critical analysis. “In the field of manage- 
ment studies many more descriptive accounts like that 
given here, of the circumstances in which different 
administrative expedients have proved successful, are 
required to supplement traditional teaching.” 
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Mobil Cutting Oils 


SPEED PRODUCTION 


Machine tool operation is daily becoming more 
complex... more difficult. Industrial speed-up and 
continuous production depend on cutting oils 
designed to fit each individual job. 

Today Mobil Cutting Oils make hundreds of 
difficult cutting jobs possible. 

These special oils are helping to increase the 
efficiency of machining operations everywhere. 
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BRITAIN’S FIRST BRILLIANT P olyester 


Here is a great new alvance in wood finishing —and in full scale production 
use too! Every Sobell and McMichael T.V. set is now protected and 
enhancel by the brilliant new R.I.C. Polyester 2495. This superb hard-gloss 
surface is mar-proof, heat and acid resistant, gives a lasting brilliance that 
means greater customer appeal. 

Apart from enhancing the product, this remarkable R.I.C. Polyester is very 
much a commercial proposition. It’s produced in Britain, so costs are reduced 
— it protects your products in transport and storage — it reduces fire risks — 
it enables you to produce to a uniform quality at greater speed. 

Today R.I.C. offer you Polyesters of the highest quality, accepted by the 
trade, backed by extensive production line experience. Our Technical Advisory 
Service is at your disposal. 


POLYESTER 2495 





ROBT. INGHAM CLARK & CO., 93/97 NEW CAVENDISH STREET, LONDON, W.1. Telephone: LANGHAM 0831 
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J. E. Hill G. R. Pryor 
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R. H. S. Turner 


Immediate Past Chairman of Council 
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LSA EU RRNOD » oss 5nsnnsnbunsoCebesanabhoncosesoncbenrps London a, NMA Toc sips sssc'aseapebucbesuak dlopuabeewessinesankis Western 
ME RSM UMIOE oe oe bnide suchen ceceopscxatecasckhcatasRanemebace Luton le ET Eee ee Ree ee Wolverhampton 
PSM RUMI on oc Sasa cveps chek eibaceckcssepaeess Manchester UMD, MMSRIIRY. Sivahc'g Sn Vuins psu cwnwececenns con soxek senders Worcester 
GRADUATE SECTION CHAIRMEN 
Le es pages ousnuens Birmingham Graduate RRs RCN PENNE y Ses ss cusaccannschsaeesessecet Manchester Graduate 
NNN ciscinceccpicknscopeeasrakesanses het Coventry Graduate BSAA REMEDY ons ociineg cs sdomsacecbancbes Melbourne Graduate 
Sree: Halifax & Huddersfield Graduate PAE PASO WMNE - o sseisssivssucos Newcastle upon Tyne Graduate 
DN NNDEY «occ. cnn cncunss sxe cepscueen suse dnpank Leeds Graduate P,P RSME 5 <.,.. <i 5 nscscuuoes sebeeuwenee Rochester Graduate 
Se i MIATA? sen e nis bnpis Sencbsspoesessabeeee Liverpool Graduate EP Ps IRS ss: Sates So un ens Sade sesebarnnras Sheffield Graduate 
EE Pires vita sbi cksbaspanben akeb oa easenee London Graduate BAS, MEREROOD | 285.Ki ss desconensancussesuesaases Western Graduate 
ee ee es ee Luton Graduate PN MONOD ooo .0 sg scas cen seaseusess Wolverhampton Graduate 
REGIONAL HONORARY SECRETARIES 
East & West ane C. W. Overin Northern Ireland ... J. G. Easterbrook 
Eastern one A. B. Brook Scotland ae J. Nicolson Low 
Midlands ... eee pés A. C. Turner South Eastern J Aikman 
North Midlands bee C. N. T. Manfull Southern J. W. Taylor 
Northern ... A. Smith South Western — A. Eustace 
North Western J. P. Speakman Wales ae. — ae C. LI. Griffiths 
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Adelaide (South Australia) ... 

Melbourne ( Victoria, Australia ) 

Melbourne Graduate —— 
Australia) . 

Sydney (New South Wales) . 


Canada 


Bombay 
Calcutta 


New Zealand 
South Africa ... 


Birmingham ... 

Cardiff 

Cornwall 

Coventry 

Derby 

Doncaster 

Dundee 

Edinburgh oe eae 
Glasgow cae ass ben 


Gloucester... 
Halifax & Huddersfield 
Ipswich & aguamaal . 
Leeds as 
Leicester & District . o. 
Lincoln ‘ ame 
Liverpool ae cae 
London ae ea% aes 
Luton = ae can 
Manchester ... A see 
Newcastle upon Tyne 
Northern Ireland... ats 
Norwich . es 
Nottingham ... 

Oxford 

Peterborough 

Preston 

Reading 

Rochester & District | 
Sheffield es 
Shrewsbury 

Southampton 

South Essex ... 

Swansea 

Stoke- on-Trent 

Tees-Side 


Western cap ae ane 


Wolverhampton 
Worcester 





SECTION HONORARY SECRETARIES 


AUSTRALIA 
B. H. M. Coombes, 11 Elmo Avenue, Westbourne Park, Adelaide, Australia. 
A. G. Jones, 13 Laburnum Street, Middle Brighton, Victoria, Australia. 
E. K, Stephenson, 5 Olinda Street, Glen Waverley, Melbourne, Victoria, Australia. 


K. G, Slorach, 98 Church Street, Castle Hill, New South Wales, Australia. 


CANADA 


Frank R. Taylor, 67 Wasdale Crescent, Apt. 5, Toronto 19, Ontario, Canada. 


INDIA 


C. R. Pal, The Crescent Iron & Steel Works Ltd., Goregaon (East), Bombay, S.D., India 
P. J. O’Leary, c/o Guest, Keen, Williams Ltd., 41 Chowringhee Road, Calcutta, India 


NEW ZEALAND 


G. Stedman, 3 Harrison Avenue, Belmont, Takapuna, Auckland, New Zealand. 


SOUTH AFRICA 


A. Aitken, 209-211 Pharmacy House, 80 Jorissen Street, Johannesburg, P.O. Box 10837, 
South Africa. 


UNITED KINGDOM 


H. W. White, “Spring Pools”, 677 Birmingham Road, Lydiate Ash, Bromsgrove, Worcs 
C. Ll. Griffiths, “ Brynteg ”, 139 T Tyntyla Road, Llwynypia, Rhondda, Glamorgan. 
F. G. Hawke, 3 Bellevue Terrace, East Hill, "Tuckingmill, Camborne, Cornwall. 
Aya Hopkins, 39 Oaks Road, Kenilworth, Warwicks. 
P. Warburton, 16 Vicarage Road, Chellaston, Derby. 
G. R. Wimpenny, 16 Tickhill Square, Denaby Main, Doncaster. 
J. Nicolson Low, Technical College, Bell Street, Dundee. 
A. S. Wilson, Ferranti Ltd. (Laboratory Workshop), Ferry Row, Edinburgh, 5. 
W. H. Marley, North British Locomotive Co. Ltd., Diesel Engine Division, 111 Flemington 
Street, Glasgow, N.1. 
B. E. Gwynne Clarke, “‘ Chez-Nous ”, Okus Road, Charlton Kings, Cheltenham. 
C. W. Overin, 353 Whitehall Road, Westfield, Wyke, near Bradford, Yorks. 
1: Re Harker, Ransomes, Sims & Jefferies Ltd., Orwell Works, Ipswich. 
5 ee Townend, 26 Moor Allerton Drive, Street Lane, Leeds, 1 
J. A. Stovin, 14 Queens Drive, Leicester Forest East, Leicester. 
H. Wright, 101 Longdales Road, Lincoln. 
~ ing) H. Mason, 51 Stairhaven Road, Liverpool, 19. 
5 Gy Whitaker, The Glacier Metal Co. Ltd., Ealing Road, Alperton, Middlesex. 
W. Galyer, Engineering Department, Luton & South Bedfordshire College of Furthe: 
Education, Park Square, Luton, Bedfordshire. 
. Speakman, 223 Douglas Road, Atherton, near Manchester. 
. Glasper, 24 Beldene Drive, High Barnes, Sunderland. 
. Easterbrook, “ Hilleen’’, 22 Ascot Park, Knock, Belfast. 
" Hilder, 2a Gorse Road, Thorpe, Norwich. 
- . Liquorish, 28 Mona Street, Beeston, Nottingham. 
- & Chappell, 58 Lancut Road, Witney, Chadendahdae. 
Holmes, “ Arncliffe”, 11 Mary Armyn Road, Orton Longueville, Peterborough. 
W. H. Preston, 25 Clifton Avenue, Leyland, Lancashire. 
R. W. H. Mark, “ The Beeches ”’, 41 Reading Road, Woodley, Berkshire. 
W. G. Clements, 11 Charing Road, Gillingham, Kent. 
T. F. Newton, c/o E. Pryor & Son Ltd., West End Works, Broom Street, Sheffield, 10 
W. M. Buchan, Llanberis, 36 Mytton Oak Road, Shrewsbury. 
J. W. Taylor, High Mead, Kane’s Hill, Thornhill, Southampton. 
F. Hopkinson, “ Woodley ”, * 40 Highfield Road, Chelmsford, Essex. 
C. L. Clarke, 11 Alder Road, Cimla, Neath, South Wales. 
E. J. Averill, “ Berry Dale” 87 Hunters Way, Penkhull, Stoke-on-Trent. 
Jim. Cooper, 48 Hob Hill Close, Saltburn- by-the- Sea, Yorkshire. 
A. Eustace, 19 Ferndale Road. Northville, Bristol, 7. 
Wee Vaughan, ‘ ‘Windsor ”, 24 Windermere Road, Palmers Cross, Tettenhall, Staffs. 
R. Wheeler, Old Farm House, 7 Parish Hill, Bournheath, near Bromsgrove, Worcestershire 
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CORRESPONDING MEMBER IN MIDDLE EAST 


J. Merkine, 45 Arlozoroff Street, Ramat-Gan, Israel. 




























CORRESPONDING MEMBER IN WEST AFRICA 


H. P. Halfter, Gold Coast Railways & Harbour Admin., 
P.O. Box 202, Takoradi, Ghana, West Africa. 


GRADUATE SECTION HONORARY SECRETARIES 








Birmingham ... gee aee R. M4 Whately, c/o 130 Church Road, Moseley, Birmingham, 13. 

Coventry iss E. S. Marrs, 15 Montrose Avenue, ’Lillington, Leamington Spa. ® 
Halifax & Huddersfield oe G. Wilde. 56 Milton Avenue, Albert Road, Sowerby Bridge, near Halifax k 
Leeds ae a3 Robinson, 764 York Road, Leeds, 15. 

Liverpool... eae eee M. Green, 1 Parkview Road, Croxteth, Liverpool, 11 . 
London oe =e — R. S. Nicholas, 111 Falconwood, Addington, Croydon, Surrey 

Luton cee aa see W. M. Stern, 37 Rossfold Road, Sundon Park, Luton, Bedfordshire. 

Manchester ... — R. A. Jones, 33 Kirkham Road, Heald Green, Cheshire. 

Newcastle upon Tyne ise re = Jenkins, 25 Windsor Road, Whitley Bay, Northumberland. } 
Rochester & District ene 5; Anderson, 63 Watling Street, Strood, Rochester, Kent. 
Sheffield aos eae E. Willeos Ellis, Son, & Paramore 'Ltd., Spring Street Works, Sheffield. 3 5 
Western ose ibs cep R. E. Everhard, "25 Boverton Road, Filton, Bristol. 


Ww olverhampton = oe T. J. Harrison, “ The Dingle ”, Planks Lane, Wombourn, Staffordshire. 


LOUGHBOROUGH COLLEGE STUDENT SECTION 


Chairman : 
M. C. Fryer, Dept. of Industrial Engineering, College of Technology, Loughborough, Leics 


Honorary Secretary : 
J. Fairbrother, 27 Eaton Road, Ilkley, Yorkshire. 


MATERIALS HANDLING GROUP 


Chairman : 
F. E. Rattlidge, Evered & Company Ltd., Smethwick, 40, Staffordshire. 


Secretary : 
I. B. King, Assistant Education and Technical Officer, 10 Chesterfield Street, London, \W | 


EDUCATION DISCUSSION GROUPS j 
London Centre 


Chairman: 
R_ A. Bartholomew, 23 Well Lane, Galleywood, near Chelmsford, Essex. 


Honorary Secretary: 
D. R. GC. Holmes, 35 Sandringham Drive, Ashford, Middlesex. 





Midland Cextre 


Chairman : 
\W. L. Jackson, Senior Lecturer in Production Engineering, Chance Technical College, Smethwick 
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Honorary Secretary: 


N. Ward, 88 Sutton Oak Road, Streetly, Sutton Coldfield. 
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With over half-a-century’s 

precision engineering experience 
and twenty years devoted 

to specialised development 

of jig boring machines, 

Newall proudly acclaim model 1520 
as an outstanding achievement 

in their long series of successes. 
Material, craftsmanship, 
performance and accuracy of the 
machine set a new standard for 
medium capacity jig borers, 
produced at a price which will appeal 
to the toolmaker or large user. 








principal 
features 


3% TABLE SIZE 15” x 20’ 


DESIGNED FOR TOOLROOM WORK 
OR LIGHT PRODUCTION BORING 


COMPLETELY SELF-CONTAINED 


* 
aK 
% 12 SPINDLE SPEEDS 

IN RANGE 67-3,000 R.P.M. 
* 
* 


3 POWER FEEDS UP AND DOWN 


SIMPLE TO INSTALL, 
OPERATE AND MAINTAIN 


NEWALL MODEL 


1520 


JIG BORING MACHINE 


ask for publication 106/58 





NEWALL GROUP SALES LIMITED 


a Oe OM OM CE a | PHONE 3227-8-9 
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MAXIPILOT ff 


AUTOMATIC 
MULTI-CYCLING 
HYDRAULIC 
COPYING LATHE 


for fast, accurate 
high-output production 




















ST of Se SE. ee 


All the components shown below can be automatically produced at fast rates and with 
high accuracy by copy turning on the Drummond Maxipilot Hydraulic Automatic 
Multi-cycling Copying Lathe. 

This rigid and powerful machine has been designed to exploit to the maximum the 
cutting possibilities of carbide tools on medium and large quantity production runs. 
Top speed is higher than usual for a machine of this size and special attention has been 
given to the elimination of all vibration. 

The Maxipilot is made with 20 in. or 32 in. between centres and maximum swing 16 in. 
over bed; 9 in. over the cross slide. Write today for full details. 


DRUMMOND BROS. LTD. 


GUILDFORD - ENGLAND 

















Sales & Service for ... DR ate MON D -—ASQU ITH ... the British Isles 


DRUMMOND-ASQUITH (SALES) LTD... KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
"Phone : Midlond 3431 (7 lines) ‘Grams: Moxishope,B'hom. — —Alsogt LONDON: Phone : Trofalgar 7224 (5 lines) and GLASGOW : ‘Phone : Central 0922 
D 262 
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UNIT TYPE MACHINES 


fully engineered 
for high-output production 















Asquith Units from } h.p. upwards can be arranged as Asquith Unit Type Machine. Write today for details of 


individual, multi-way, rotary transfer and in-line transfer the range of unit equipment or ask for a specialist to 

machines for fast, automatic production. Some of the discuss your problem. 

unit heads available are shown below. If you require 

large-quantity production of components at present WILLIAM ASQUITH LTD. 


produced on several machines, it will be worth 


: a? —? eS HALIFAX - ENGLAND j 
investigating the possibility of machining them on an 






These Asquith Unit Type 
Machines are arranged for 
drilling and tapping small 
electric motor end shields. 
They incorporate } h.p. air- 
hydraulic drilling units and 
+ h.p. screw tapping units. 


+ h.p. AIR HYDRAULIC DRILLING UNIT 3/5 h.p. SCREW FEED UNIT HORIZONTAL STATIC MILLING UNIT 






Sales & Service for . . . DRUM ee ty D-ASOQU ITH . . . the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
‘Phone: Midland 3431 (7lines) Grams: Maxishape, Birmingham. Alsoat LONDON : ‘Phone : Trafalgar 7224 (5 lines) and GLASGOW: Phone Central 0922 
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Dawson Rotary 
Drum Machine 
with skip hoist 
for loading. The 
operator is shown 
loading the skip 
with mallzable 
iron pipe fittings. 






for fast, automatic 
cleaning and degreasing 


Dawson Bros. Ltd. have supplied machines for the automatic 
cleaning and degreasing of metal parts from small nuts and 
bolts to castings weighing several tons. Several typical 
applications are shown here. If you have a cleaning or 
degreasing problem, a Drummond-Asquith specialist will 
gladly investigate your requirements. 


Dawson Cabinet Type Washing and Drying Machine 
handling high quality bolts and threaded work. 


ULTRASONIC CLEANING 
& DEGREASING MACHINES 


Dawson plant for superfine 
cleaning is available in two types, 
one machine for high-frequency 
operation and the other for low 
frequency (illustrated). With 
this type of equipment it is, of 
course, necessary to determine 
the correct treatment required 
for specific components before 
proceeding with any scheme and 
our engineers will be pleased to 


Dawson Conveyor Type Machine installed for the automatic offer expert advice. 
cleaning of tractor components. 








Sales & Service for . . . DRUM MOND-ASQUITH . . the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 


"Phone: Midland 3431 (7lines) Grams: Maxishape, Birmingham. Alsoat LONDON: ‘Phone : Trafalgar 7224 (5 lines) and GLASGOW: ‘Phone Central 0922 
MF. 327 
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HERBERT 


all-electric 
DRILLING MACHINE 
for early delivery 




























Type V and C top columns, 
automatic feeds, on a com- 
mon base. Twelve speeds 
36 to 2850 r.p.m. 


Unit construction of Herbert All-electric 
Drilling Machines provides a very wide range 
of machines without resource to specialisation. 
The range is sufficiently extensive to meet the 
demands for most general-purpose drilling and 
tapping requirements and to provide a basis 
from which to build special-purpose machines. 
Top columns can be supplied to eustomers for 
fitting to their own bases. 






Line production including Herbert Types C & V Single and 
Multi-Spindle Drilling Machines and Archdale Milling 
Machines for producing a variety of motor-cycle component 
in the Coventry Works of the Triumph Engineering\ Co. Ltd 


BRAKE DRUMS. An indexing workholding fixture and a 10-spindle multi-drill 
head on a Type C machine for drilling}twenty #z” diameter holes on the outer rim in a 
total time of 1.5 minutes. 


These drilling machines incorporate many labour- and time-saving devices and can include such refinements 
as automatic reversing attachment for tapping, quick-change drill chuck and automatic feeds. Most types 
are fitted with a drill depth indicator and alternative ranges of speeds and feeds are offered. There are nine 
types for drilling holes from the very smallest, at 18,000 r.p.m.,’ up to 1} in. diameter. 












== £7D., COVENTRY AD.276 




















2NU UNIVERSAL MILLER 





PARKSON 
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Table Movements © 
28 in. x 10 in. x 18 in. 
Separate Motors, : 


5 h.p. and 14 h.p. for 
Spindle and Feed Drives. 


Suds Pump 
electrically driven. 








J, PARKINSON & SON (suPtey) LIPD, ,SEz, TEBOW 


P371-1B 
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No. 7 TURRET LATHE 


FITTED WITH 12, TUDOR 3-JAW CHUCK 


STEEL FORGING 






































-3, 40 Ton Tensile Steel 
7 1 En.8. 
Yi Too! Position Spindle | Surface Feed 
Yy, | DESCRIPTION OF OPERATION ‘ Speed | Speed Cuts 
Jf Hex. Turret | Cross-slide R.P.M. Ft. per Min.| per inch 
cpr Anas - 
| | 1. Grip Forging in Three-Jaw Chuck , emeee = 
< ee 2. Turn Outside Diameter — - - + — |Front i} 416 765 266 
xures | 3. Undercut and Face Flange and Chamfer = mia 
ee O/dia. - - - : - + — | Front 2} 416 765 Hand 
| | 4. Screwcut O/dia.x11T.P.1. (7 cuts) + W— | Front 3} 280 495 |11 TP. 
a 5S. faceEnd - «© ++ © + «@ — | Frene 3} 675 1193 52 
|x ATR 6. Bore,Undercut and Chamfer a | = 416 408 134 
% } 7. Screwcut Internal Thread 11 T.P.I. - — 
yoy, | (7-cuts) - . . - ~~ — Rear 416 408 |11T.P.I. 
ty 8. Remove Part from Chuck - - + = — 
Ga__ 





Total Floor-to-Floor Time for above operations: 5 minutes. 


All Tungsten Carbide Cutting NOTE:— Time for cutting external thread |! T.P.I. (7 cuts) 


| | Im 2CO SELLY. «OAK 
Hy BIRMINGHAM 29 
LTD TELEPHONE SELLY OAK //3/ 


Time for cutting internal thread || T.P.1. (7 cuts) 


40 seconds 
36 seconds 
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DEDICATED to your SER VICE 





problem presented is a problem solved—when placed before this organisation of 
technical specialists in metal cleaning and stripping. “S.A.C.” service 1s nation-wide 
—sts representatives able to advise you on the spot—its recommendations backed by the most 
up-to-date laboratory and manufacturing facilities, “S:A.C.” processes cover every phase of 


cleaning, servicing and protecting all metals during manufacture and maintenance. 





SUNBEAM ANTI-CORROSIVES LTD. 


CENTRAL WORKS - CENTRAL AVENUE + WEST MOLESEY - SURREY 
Telepbone: Molesey 4484 (5 lines) Telegrams: Sunanticor, East Molesey 


Manufacturers of 


STRIPALENE * FERROCLENE +« ALOCLENE *: FERROMEDE «+ BRAZOCLENE 
(Regd. Trade Marks) 


APPROVED BY ADMIRALTY, WAR OFFICE AND AIR MINISTRY 
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British Built 


Gulomaiic 
TAPPING & 
THREADING 
MACHINES 


Steel ~ in. 
Brass + in. 


Fast and easy to operate, these machines meet the most 
stringent demands of modern mass production. Their 
outstanding features include entirely automatic tapping or 
threading operations, a wide range of speeds, and precise 
limitation of feed depths; the spindle is fed and returned at 
the exact pitch. The range includes bench, column and a 
radial type. Capacities from 3/16” to 1.3/16" (4.75 to 
30.16 mm) thread diameter, in steel. 


EARLY DELIVERY MOST SIZES 


No. 5: 
Steel |; in. 
Brass |} in. 














B.S.A. TOOLS LTD - BIRMINGHAM ° ENGLAND 





Sole Agents Great Britain 


, BURTON GRIFFITHS & CO., LTD + KITTS GREEN + BIRMINGHAM 33 


Telephone: STECHFORD 3071 


No. 3 Radial: Steel 4 in."Brass { in. 
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SMARTs BROWN (MACHINE TOOLS) LTD 


PULTRA LTD 





that all their machines are still 


available from Ee Buck & Hickman Ltd., 


Otterspool Way, Watford By-Pass, Watford, Herts. 


Burton, Griffiths & Co. Ltd., 
Mackadown Lane, Marston Green, Birmingham. 


Modern Machine Tools Ltd., 
Gosford Street, Coventry. 


E. H. Jones (Machine Tools) Ltd., 


Garantools House, Hove, Sussex. 


C. H. Joyce Ltd., 
40 Monkton Street, Kennington, London, S.E.11. 


Rockwell Machine Tool Co. Ltd., 
Welsh Harp, Edgware Road, London, N.W.2. 


Stedall Machine Tool Co., 
145-157 St. John Street, Clerkenwell, London, E.C.1. 














ee 25 MANCHESTER SQUARE, LONDON W.I 


“a 





NRP 2374 
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Where precision and quality 





guarantee speed without failure 


Bristol Repetition Ltd. chose 


MAXAM for quality and Precision 


Production went up more than 600° when designers 
at Bristol Repetition Limited incorporated MAXAM 
Pneumatic Equipment in their Compass Mk. VII Rotary 
Index Type Transfer Machine. In this multi-station 
indexing design for flow production, plastics barrels for 
fountain pens are pneumatically fed from a hopper into 
the loading position. From there onwards every 
operation—including clamping and table indexing, 
drilling, tapping, milling, forming, countersinking, 
and even swarf blowing—is carried out by air/hydraulic 
control, timed by simple plate-cams acting on MAXAM 
controls. 

MAXAM Fluid Power affords flexibility of design as 
well as complete reliability in operation. Modifications 
or alterations to the design of the workpiece can be 
readily taken care of in the Bristol Repetition machine, 
for the Compass Mk. VII automation base itself could 
be inexpensively altered to carry out a completely 
different series of operations to produce other work- 








Controlled Fluid Power 


pieces by interchange or substitution of the MAXAM 
drilling and other units, cylinders, and controls. 
Pneumatic/hydraulic equipment by MAXAM is being 
specified increasingly in multi-operation machines where 
prompt and unfailing response of every item 

is essential to the smooth working of the 

whole sequence: 66°, of current production is 

—i forcompanieswhose designers, with experience of 
MAXAM product quality, performance and re- 

liability, have planned their future flow production 

machines with MAXAM fluid power in mind. 


If you are a Chief Draughtsman, Works Manager, Production Head, 
or other person seriously interested in safely increasing 
productivity, please send for our catalogue. 


MAXAM POWER LIMITED 


Camborne, England. ’Phone: Camborne 2275 (10lines) 
44 Brook Street, London W.1. ’Phone: HY De Park 9444 
A company in the Holman Group which has branches, 


technical representatives and agents throughout the 
United Kingdom and the world. 
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N°1IO 


introducing the— 





The David Brown No. 10 Hydrax is the 
















outcome of constant research by David Brown 


engineers since the introduction of the first 


Hydrax Machine. 
This most advanced gear cutting 
machine incorporates features which make it the 


key to any automatic gear production line. 


David Brown Automatic loaders of the 
drum, auto-duo, magazine or transfer types are 


available for gear speed production. 


* CAPACITY 10 INCHES 
DIAMETER 


EXTREME RIGIDITY 
IMPROVED ACCESSIBILITY 
AUTOMATIC HOB SHIFT 
INCREASED EFFICIENCY 





+ + + 


CUTS GEaR 


PRODUCTIon Costs 


PATENTED 


Britain’s largest exporter of gear cutting 
machine tools 


Take the first step to improving your gear- 
production economy by sending now for full 
details. Demonstrations arranged by request. | 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
MACHINE TOOL DIVISION 
BRITANNIA WORKS SHERBORNE STREET 
MANCHESTER 3 





TI 
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YOU CAN HAVE 
BALDWIN FLUID POWER 
FAST! 


UNIT CONSTRUCTION IS THE REASON ... Unit construction means that there is 

a range of 384 standard Baldwin Pneumatic & Hydraulic cylinders in bore sizes 
of 14” to 8”, together with over 500 standard control valves. On any machine, 
whether space is limited or supporting surfaces awkwardly situated, Baldwin l 
fluid power equipment can be fitted quickly, efficiently—from stock! And every 
Baldwin cylinder will speed production for years of trouble-free service. 












Why?... these exclusive Baldwin features ensure RELIABILITY :— 





* Polished hard-chrome plated cylinder bores and piston rods. 






* Self adjusting oil and water resistant seals. 






* Rugged malleable cast iron and steel construction completely rust and i 






corrosion proof inside and out. | 






* Built-in cushioning to absorb the shock of heavy loads moving at high speeds. 





Superbly finished Control Valves and accessories complete the Baldwin Fluid 
Power range, operating on air at up to 150 p.s.i. or oil at up to 250 p.s.i. 

Prices are keenly competitive. Baldwin Fluid Power Cylinders can speed your 
production. Write now for the Fluid Power Catalogue IPE /503, or better 

still call in our Technical Advisory Service, free of all obligation. 






































5 Sales and service facilities 
~ Fluid Power Division available throughout the U.K. 
Z and many parts of the world 












BALDWIN Instrument Company Limited 
Dartford - Kent 


DARTFORD 6411 A Hurper Group Company 
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| THIS INFORMATIVE. 
TT 


FREE! 


TO TECHNICAL COLLEGES AND 
APPRENTICE TRAINING SCHOOLS 


and line boring, surfacins: 
d drilling operations 





rating snout 


milling, 


turning a" 








eye 


bes 


A GRAPHIC TEACHING AID 





Designed to assist verbal instruction, this chart dia- 
The chart is issued as a contri- grammatically shows the working mechanism of a small : 
bution to technical education from boring machine and photographically illustrates snout 
H. W. Kearns and Co. Limited, and line boring, surfacing, milling, turning and drilling 
manufacturers of Horizontal Boring operations. A really useful aid, the chart is printed in 
Machines featuring specially de- three colours with a protective finish, measures 30” 20” 
veloped methods of co-ordincte and has no advertising matter. 
setting. A copy will be sent FREE on receipt of 2/6 to cover 
postage and wrapping. Also available in French and 
German. 





IK 


H. W. KEARNS & CO. LIMITED BROADHEATH near MANCHESTER 





KSTG 
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Our range of industrial engines are a_ practical 
proposition for many types of industrial equipment 
... Compressors, cranes, pumps, contracting equip- 
ment, earth borers, generators, railcars, welding 
plant, works trucks, tractors and conversions. 
Simple design, modern flow-line production methods 
and common interchangeable parts contribute to 
the low cost of these high efficiency engines. And 
remember, every engine is fully backed by a 





Wherever you are, whatever your problem, 


BOD 


Hl MOTOR COMPANY LIMITED - ENGLAND 


are at your service 


For further details of our 


INDUSTRIAL 
ENGINES 


and the equipment they power, 











send the coupon to your nearest Ford Dealer 





or direct to 











Sih 1) Ae 
ierueen 


“Tre 


for 
industry 





World-wide Parts and Service Organisation. Take 
your choice from a wide power range... Diesel 20 to 
86 b.h.p. and Petrol 11 to 87 b.h.p. (12-hr. rating). 
DIESEL ECONOMY 

—have you considered the replacement of existing 
power units in your equipment and trucks with the 
famous 4D Diesel engine ? You'll have the unique 
advantages of economy, long-life and low running 
costs .. . plus the best service in the World! 


lp Cm « BG = 





Please send me technical brochures of your *PETROL/ 
DIESEL Industrial Engines. The maximum B.H.P. required 
is at .R.P.M. Also, please send details 
of the following equipment powered by your engines. 




















Nature of B x 








WORERORO TRE v= 5 inane cess 


* Delete where not applicable G5I-20°3 














FORD MOTOR COMPANY LIMITED - PARTS DIVISION (G51) - AVELEY DEPOT : SOUTH OCKENDON - ROMFORD - 





ESSEX - ENGLAND 
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How long by your methods ? 


This six inch long spanner body die was formed in with low electrode loss and a good surface finish for 

six hours using a GKN Spark Machine. The die dies, moulds, press tools, and form tools of a diffi- 
required no further finishing before use. cult and intricate nature. Its operation is safe, 

GKN Electro Erosion simplifies intricate shaping ; simple, speedy, and accurate. , 
makes easy the working of hardened steels and Further details of the GKN Spark Machine and its 
tungsten carbide. many advantages can be obtained without obligation 

A GKN Spark Machine gives a high cutting rate from Welsh Metal Industries, or Sales Agents. 








GC spark machine 


DESIGNED BY THE GKN RESEARCH LABORATORY 








Manufactured by 
WELSH METAL INDUSTRIES LTD., Caerphilly, Glamorganshire. 





M. C. Layton Limited, 96-98 Victoria Street, London S.W.1 


Sales Agents Rudkin & Riley Limited, Cyprus Road, Aylestone, Leicester 
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Motors for corrosive 
and explosive atmospheres 




















CHEMICALS & PAINT | 


Class ‘LYC’ motors to B.S. 2083 up to 

25 h.p. 

‘ENGLISH ELECTRIC’ is the only Company 

making chemical works motors to this 
standard. Tens of thousands of British | 
Standard motors are in service. Avail- 

able up to 50 h.p. in N.E.M.A. sizes. 


Write for Publication DM/206 


Class ‘XLK’ flameproof motors Squirrel- 
cage or Slipring. Totally-enclosed fan- 
cooled or Totally-enclosed. Complying 
with Oil Companies Materials Com- 
mittee requirements. Buxton certified. 


Write for Publication DM/154 


Class ‘LP’ steel-barrel, flameproof 
Squirrel-cage motors. Totally-enclosed 
fan-cooled available up to 150 h.p. 
Totally-enclosed available up to 50 h.p. 
Buxton certified for underground use. 


Write for Publication DM/225 















AVAILABLE FROM STOCK 


‘ENGLISH ELECTRIC 


industrial motors 


STAND No. M.II1. ELECTRICAL ENGINEERS’ EXHIBITION 
Earls Court, 17th-21st March, 1959, where the Company is also showing: 






Fusegear, Transformers, F.H.P. Motors, Instruments, 
! 


i will Rectifiers, Welding Equipment and Domestic Appliances mam 
al H | A a el AN 
THE ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2. 
Industrial Motor Works, Bradford 


BRADFORD °: 







STAFFORD * PRESTON RUGBY LIVERPOOL * ACCRINGTON 
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Engineers Small Tools 


TWW and Accessories 























‘Wards might have it’ applies to Small Tools and 
Accessories as it does to all the branches of industry 
served by Wards. A complete and dependable 
range is available from stock or very early delivery. 


THOS .W.WARD LTD - ALBION WORKS - SHEFFIELD - Tel. 26311 (221ines) 


LONDON OFFICE: BRETTENHAM HOUSE - LANCASTER PLACE - STRAND - W.C.2 : Tel. TEM 1515 (12 lines) 
E.S.72 







































Rr Hantad' 

serves the he 

In gas and electric cookers 
and fires... in telephones 
and televisions... in @ 
thousand and one domestic 
appliances, Bray electric 
heating elements, Bray gas 
jets and Bray ceramic insul- 
ators are doing the jobs they 
—— were designed to do. 


- Bray reliability 
‘serves industry 


When a process calls for 
_ controlled temperatures, 


» 
-- Bray can satisfy the most 
exacting requirements. With 
jets to turn the gas into heat 
and with a comprehensive 
range of electric elements. 
Bray spray jets serve industry 
too—providing the most 
| 
h 


¥ 


_ accurate distribution of chem- 
icals, oils and other fluids. 


Bray research — 

serves the electronic 
engineer. ee. 
With electro-ceramic insul- 
ators, mass-produced to close 
dimensional tolerances for 
radio, telecommunication and 
electronicapparatus, cooking, 
heating and pyrometric 
equipment. aac 














serves the appliance 
manufacturer 


With jets and elements... 
with ceramic insulators... | 
and with mass-produced , 
"Intricate ~components—gear 
trains, clock-work mech- 






Why not bring your product ideas and process | anisms, transistor cans— 
. i uiring consistent produc- 
problems to Bray: You will most probably | dae fie ea 


find the answers in the standard Bray range 


















and specialist engineers are always available hf MO 
. tA i yf 
to advise on new developments. Sirs * 









Bray development 
serves the farmer — 
With a range of spray jets for 
agricultural and horticultural 
. purposes, “ees 


GAS JETS & BURN : 
ELECTRIC HEATI | EGR oie 
) “Lights under Bushels”— 










our latest 20 page publication, 
We will gladly send you 
0 copy on request. 
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TOWN 


RADIAL DRILLING 
MACHINES 


Sturdy modern design, conveniently 
placed controls and maximum rates of 
production on the widest range of 
components—a few of the reasons why 
they are used all over the world. 








Illustrated: Town 5ft. A.E.4 Radial Drilling, Boring, 
Tapping and Studding Machine. Drilling capacity 
from solid 3in. diameter in steel and 3in. diameter 
in cast iron. Tapping |}in. Whitworth in steel. 


Write for leaflets on the complete TOWN range of machines 


FREDERICK TOWN 


& SONS LTD 
HALIFAX - YORKS 


Makers of high class Drilling Machines for 55 years 


T.2 








Si 
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PLEASE LET US 
DEMONSTRATE TO YOU 


UP-STROKING 
PRESSES 


GIVE 7 TO 10 TIMES NORMAL 
TOOL LIFE— 


PLUS GREATLY INCREASED 
PRODUCTION RATES 


At speeds up to 700 strokes per 
minute on the 6 ton model and 
160 strokes per minute on the 250 
ton model. 





This precise and rugged Swiss-built 
machine gives greatly extended tool 
life up to, invariably, seven to ten 
times that obtained from any other 
type of Press by virtue of its design 
whereby vertical backlash is entirely 
eliminated; this means that the 
punches can be set so that they 
never enter the die. The machine 
shown is a double crank type 
equipped with double roll feed, 
strip end shear, scrap shear, and 
autcmatic stopping device. There is 
a full range available from 6 to 250 
tons, single and double eccentric 


VAUGHAN 





ASSOCIATES LIMITED 


4 QUEEN STREET, CURZON STREET, LONDON, W.1 
Telephone: GROSVENOR 8362-5 


Midland Office: WILFORD CRESCENT, NOTTINGHAM 
Telephone: NOTTINGHAM 88008 
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SPARK 
MACHINED 


from the 


» 








Armature Lamination 
Blanking Tool and Stripper Plate 


SPARCATRON MARK III 
MODEL INCORPORATING THE 
LATEST IMPROVEMENTS 





IMPREGNATED DIAMOND PRODUCTS LTD * OF GLOUCESTER * ENGLAND 


Sole Agents for the United Kingdom 
BURTON GRIFFITHS & CO LTD: KITTS GREEN * BIRMINGHAM 33 
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Yes! YOU’RE 
YEARS AHEAD wie: 


SPEEDOMAX “H” 


The compact instrument (I1” x 11”) at low cost 


HIS line of indicators, recorders and controllers is unique—there is no 
comparable instrument available to you today. It is compact, all elements 
being readily accessible and all major components plug-in, and all moving parts 
operate by means of a common shaft driven by the positive worm gear of a high 
speed balancing motor. Limit of error is + 0°3%/ and balancing time |-5 seconds. 


It is lower in cost than any comparable electronic potentiometer 
available today. 


re “= 


Here is a completely new model of 

the Speedomax Type H potentiometer 
with additional controls now an integral 
part of the main instrument. 


It is very compact, saving much panel 
space, being 
173" high x 11” wide x I1” deep. 





Entirely new, and quite outstanding is this latest L & N introduction —Series 60 

Electronic Control. It provides single-action (proportional), 2-action (proportional 

and reset) and 3-action (proportional, reset and rate) control, and is also offered 
as a separate unit. 


Send now for descriptive literature 


INTEGRA, LEEDS & NORTHRUP LTD. 
183, BROAD STREET, BIRMINGHAM, I5 


Telephone: MIDLAND 1453/4 Telegrams: FLOMETER, BIRMINGHAM 
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(G) OPTICAL 


DIVIDING 
HEAD | 









COMBINING HIGHEST PRECISION 
WITH ROBUST CONSTRUCTION 


0.D.H. MOUNTED 
ON SINE TABLE 









MAIN DIMENSIONS 


Height of Centres _ 48” (117.5 m/m.) 
Centre Distance (on Base) 112” (280 m/m.) 
Size of Face Plates 7%” dia. (190 m/m.) 
Size of Centres No. 2 Morse Taper 


WEIGHT OF HEAD 42 Ibs. 















Combining the following features : La 
Dead centre, adjustable drive for ee « 
zero settings, large vernier screen 
reading direct to 6 secs. (estima- 
tion 3 secs.) and conforms to 
N.P.L. Specification MOY/SCMI/ 
56. Patent 599708. 


0.D.H. mounted on 

JONES & SHIPMAN 540 

Grinding Machine, 

controlling serrations 

held to a tolerance of 

0002” both for spacing 
and diameter 


li 





Fes 
PRECISION GRINDING LTD 


MILL GREEN ROAD : MITCHAM - SURREY Phone: MITCHAM 3014 


A subsidiary of George H. Alexander Machinery Ltd. 
82-84 Coleshill Street, Birmingham. Phone: Aston Cross 3624 





NRP 1632 
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A revolution 
in space - 
- the KING 
SKI-WRACKER 


Now, with a KING SKI-WRACKER you can make every foot of 
overhead space pay its way. Specially designed to operate 
in confined spaces where floor-mounted equipment could 
not, the versatile SKI-WRACKER (exclusive to KING) can stack 
up to 30 ft. high and take loads of 250 1bs—10,000 Ibs. 

Swift, safe and easy to control, the KING SKI-WRACKER is the 
perfect answer when storage space is at a premium. More 
and more warehouses and factories are installing this 
unique equipment to handle plastics, sheet metal, wire, 
scrap metal or tabulating machines. In the film, motor car 
and aircraft industries, the SKI-WRACKER has proved indis- 
pensable. There’s a baby SKI-WRACKER too which is perfect 
for handling machine tools. 








5, eae ect pass taapepetiles 











~~ serene 


UNITS AND OPTIONAL ATTACHMENTS 
TO SUIT INDIVIDUAL LOADS 





SEND FOR ILLUSTRATED 
LITERATURE TODAY 


Fillin your name and address and post to us 





, 
# 
5 | 








REGISTERED TRADE MARK 


SKI-WRACKER 


(Covered by British and Foreign Patents) 


NAME______ a a 


ADDRESS tactical 








GEO. W. KING LIMITED, 8.18 ARGYLE WORKS, STEVENAGE, HERTS. TEL: STEVENAGE 440 
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FIRST IN THE FIELD— STILL IN THE LEAD 








% AUTOMATIC & HAND WELDING UNITS % POSITIONING EQUIPMENT 
%e WIRE AND FLUXES %k ELECTRODES & ACCESSORIES 


We AFTER-SALES SERVICE 








Complete pA 
_ ine by 


y LINCOLN 





For HIGH-SPEED production welding whether manual 
or automatic in application, LINCOLN offer a complete 
range of arc welding equipment and work handling fixtures, 
each installation being designed in close co-operation with 
your own engineering staff to ensure that it is individually 
fitted to your requirements. 

Shown here is (above) a typical installation for pressure 
vessel and similar work incorporating the LINCOLN 





L.R.C. Revolving Column and Retractable Boom, a Fully 
Automatic LINCOLNWELD B.10 Submerged Arc Weld- 
ing Unit, and LINCOLN L.S.A.R. Self-Aligning variable 
speed Rotators. 

On the right is the LINCOLN 150 L.V.P. Variable 
Speed Positioner with a load capacity of 74 tons, which 





is particularly suitable for heavy plate fabrication using 
either automatic or hand welding techniques. Shown below 
right is a LINCOLN Seam Welding machine incorporating 
a LINCOLNWELD M.L.3. Remote Control Automatic 
Submerged Arc Welding Unit. 

For information on how the LINCOLN Complete 
Welding Installation Service can help solve your produc- 


tion problem please write to: 


The Automatic Division 


LINGOLN ELECTRIC 


COMPANY LIMITED 
WELWYN GARDEN CITY - HERTS: TEL: 920/4 4581/5 
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{ Ypfs# 

c | r al Spiral Bevel and Hypoid Gears offer many advantages for right angle 
drives where high efficiency smooth and silent running are required. 

: E.N.V. specialize in the design and manufacture of straight and curved 

| tooth bevel gears. They offer collaboration with engineers from the 

7 project stage on the design of gears and mountings. They have unique 


facilities for the large-scale manufacture of transmissions including 
final drives, differentials and axles for vehicles and agricultural 
equipment, precision gears for aircraft and gears for industrial applications. 


BND G6: 001 


HYTHE ROAD, WILLESDEN, LONDON, N.W.10 
LADbroke 3622 





E.N.V. ENGINEERING COMPANY LIMITED 
Telephone : 
AP 265-56 














his 
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tooling troubles eliminated 





a : yon, IN y 


Short-run blanking and piercing clips your profits unless you . . . r: a 
LEAVE IT TO CROSLAND 


whose special and surprisingly inexpensive techniques of 
tooling and production cope completely. 
Ask now for estimates by return from Simply send your drawings and specifications to Crosland, 
and await prompt delivery of 
accurate, well finished blanks, 
in metals or non-metals. 


tesettssscscsees 









































BREDBURY, Nr. STOCKPORT, CHESHIRE. Telephone: Woodley 2621 (3 lines) 















TOOLROOM PRECISION 
pl PRODUCTION OUTPUT! 


4 ” : 





TWO MODELS FROM OUR RANGE : 
CARDIFF ‘SENIOR’ digi 


yy 
83” S.S. and S.C. LATHE } 
Gap Bed 30”, 48” or 80”, alternatively Chip Flow Bed 48” or 80” x 
18 Spindle speeds 20 to 970 r.p.m., higher and lower ranges optional 
Patented totally enclosed feed box providing wide range of threads and feeds 


Hardened and ground gears in gearbox and headstock—all meshing faces 
tooth rounded for easy engagement 


Patented snap action feed controls on apron-feeds can be varied whilst cutting 











A 
DP BRFYFF-S 
DFARFV-FV-I-F7-AA 


SA 
A 
—S 


BAr 

- SS 

ASA 
—$BISYYD 

PAF 

¥ BESBRA FA 


ZARA 


A 


A 


ZF 


CARDIFF ‘MAJOR’ 


\ 


Z$RA 


Sa. 
SAS 
SS 
PBF#E 
——S 


ASH 


ZF 
LBA 





: 7} S.S. and S.C. LATHE 
) Gap Bed 40” or 60”, alternatively Chip Flow Bed 30”, 40” or 60” 

; 18 Spindle speeds, 27 to 757 r.p.m. or 35 to 1000 r.p.m. 

. Patented totally enclosed feed box providing wide range of threads and feeds 


‘ Hardened and ground gears in gearbox and headstock—all meshing faces 
‘ tooth rounded for easy engagement 


CA 
BAS 


BARBARA 


SA 


BRR 


AN 
ZAHA 
BIR 
FFA 


SFA 
BGFAA 


SAAS 


)) Patented snap action feed controls on apron 





; . ~ : WCC (((((((( wr 
HOA 
Send NOW for 44 page Manufactured by: B. ELLIOTT (MACHINERY) LTD. 
Machine Tool Catalogue (MEMBER OF THE B. ELLIOTT GROUP) 
VICTORIA WORKS, WILLESDEN, LONDON, N.W.10 8 Se ce i 
Telephone: ELGar 4050 (10 lines) Telegrams: Elliottona, Harles, London ELLIOTT OF LONDON GROUP Iam 
Overseas Subsidiaries: CANADA, U.S.A, AUSTRALIA, S. AFRICA i 
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NEW adaptable 
system for 
. multiple - 


Q — 
NI drilling 












ENGINEERING 
MARINE 
WELDING 
ENUCLEAR 
ENERGY 
EXHIBITION 


oLymPiA LONDON 
16tn—30tn APRIL 1959 


r Marine Exhibition 
meee Stand No. 8 


ow H 
Grand Hall, Olympia 


“ARO-BROOMWADE” 


PA R-A- Mw ATI Cc Ss are self-feed pneumatic tools which 


can be mounted at any angle for automatic or semi-automatic operation 
on long or short production runs. 

One man can operate a whole battery of Par-A-Matics and any number can 
be linked for simultaneous operation. 








Write now for Publication No. 443 T.E. 


AIR COMPRESSORS & PNEUMATIC TOOLS 
Your Best Investment ' 


BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND. 


Telephone: High Wycombe 1630 (10 lines) Telegrams: ‘“‘Broom”, High Wycombe, Telex. 
635 SAS 
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Mr. H. F. SPENCER — Managing Director of 
RICHARD THOMAS & BALDWINS LIMITED 


writes :— 


“Although we have our own fuel engineering department 
occasions arise when we could do with additional qualified 
staff. A Regular Service Agreement with N-I-F-E-S provides 
us with a call on fully trained reserves. 

In my opinion no business is too big or too small to benefit 


from a similar arrangement.” 











CALL IN N-I-F-E-S—INDUSTRY’S OWN NON-PROFIT-MAKING SERVICE FOR 
ADVICE ON THE EFFICIENT USE OF ALL FUELS, HEAT AND POWER. 


For address of nearest Area Engineer write to:— 


= 
BE BPE BD ies tra et ene Sr 
Bly National Industrial Fuel Efficiency Service 


Head Office: 71 GROSVENOR STREET LONDON WI . Telephone: Hyde Park 9706 











METAL 
peers eee) = SAWING 
MACHINERY 



























The Russell Hydrofeed range 
includes : 







e Straight and angular cutting 
models ¢ Automatics ¢ Verticals 
e Special Billet cutting models 







Patented Features : 






e Interlocking Vices — for easier 
setting ¢ Hydraulic Circuit — 
for efficient cutting 







SAW 
SHARPENING 
MACHINE 






Capacity 


11” to 48” blades 


$. RUSSELL & SONS LIMITED yl [3G ‘HYDROFEED’ 


LEICESTER, ENGLAND : -_ COLD SAWING 
~ 3 f MACHINE 
Backed by over 40 years’ specialised experience =~ Automatic 


bar feed 
































The Institution of Production Engineers Journal 





PRECIMAX. 


at INTERNATIONAL 
HARVESTERS LTD 


Cylinder head production is maintained at peak efficiency thanks to these PRECIMAX 
FB 1/3 Fine Boring Machines which perform the operations shown on the left. In the 
upper picture valve guides are fine bored and valve seats generated with automatic 
compensation for the difference between exhaust and inlet seat diameters. The lower 
picture shows the fine boring, counterboring and chamfering of injector bores. 

A growing number of engine manufacturers are finding that for accuracy, versatility 
and production efficiency in fine boring, the PRECIMAX automatic cycle 
machines are indispensable. 


LANDIS LUND LIMITED + CROSS HILLS : KEIGHLEY * YORKS 
TELEPHONE: GROSS HILLS 3211 








= 
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i } 
sa 
INDUSTRIAL CLEANING 
MACHINES 


can be designed to meet your the production line. It is equally capable of cleaning small 


parts in baskets, 





This illustration shows a machine cleaning crank cases in 





particular cleaning problems Trays carrying the work are pushed through on a 


roller conveyor by hand in this cleaning installation. 


Whilst offering a very wide variety of standard cleaning 
equipment, it is BRATBY policy, wherever possible, to 
design the machine to meet the particular cleaning problem. 
Careful study of each individual problem ensures maximum 
efficiency and economy of the plant in operation. We can 


help with your cleaning problem — why not consult us ? 


BRATBY & HINCHLIFFE LTD 
GORTON LANE - MANCHESTER 18 - Tel: EAST 2435 








The Besco Production Motor Driven Swing Beam 


BOX and PAN Press Brake 


Some of the intricate 
shapes which can be 
formed 


This new machine covers bending 
and forming operations of almost 
every description. An amazing 
variety of intricate shapes can be 
formed. Top beam swings out for 
removal of trunks. Takes tools of 
various heights, from ordinary 
angle bending to deep segmental 
tools for forming 4-sided trays. 
Drive and controls enclosed in 
bed of machine. 

IN TWO SIZES: MODEL 36/10, Pressure 
10 tons, 14 s.w.g. capacity, length 36in 


MODEL 48/15, Pressure I5 tons, 12 s.w.g. 
capacity, length 48in 


Maximum depth of tools for tray forming. 
10in. when the top beam is in the highest 
position 

Send for full details 


* We make other types of Press Brakes up 
to /2ft. long. 


Patent No. 78498! 





Designed and built by... 





EDWARDS HOUSE, 359-361 EUSTON ROAD, LONDON, N.W.I 


Phones: EUSton 468! & 3771 Grams: Bescotools Norwest London 
LANSDOWNE HOUSE, 41 WATER STREET, BIRMINGHAM 3 
{ij a Phones: Central 7606/8 Grams: Bescotools Birmingham 3 
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FOR GREATER VERSATILITY- EFFICIENCY - ACCURACY 














.—1Brown & Sharpe/— 


No. 5 TOOL AND CUTTER GRINDER 


Designed specifically for sharpening cutters and tools efficiently, 
simply and quickly, the No. 5 merits the careful consideration 
of all users of such equipment, particularly in the field of 
sharpening smaller cutters and end-mills. Additional equipment 
which is available increases the variety of operations easily 
performed on this machine. Outstanding features of this new 
design include :- 


Double-ended ball-bearing wheel spindle (super-precision, 
permanently sealed, grease lubricated bearing). 


Ingenious roller-bearing table. 
4-location table crank or knob. 


” 


Centres : Swing, diameter ... “in a 
Takes length ia on wre. 








LO A RR AE gag 


SE Oe Ee 




















Brown & Sharpe 


No. 10N CUTTER AND TOOL GRINDER 
With Universal or Plain Equipment 





The No. ION with Universal Equipment includes 
revolving spindle headstock equipment, internal 
grinding attachment, formed cutter sharpening attach- 
ment (in-feed type) and surface grinding vice. The 
No. 10N with Plain Equipment is available for those 
whose sole concern is cutter and tool sharpening. 


Operating controls at both front and rear of table. 
Unit type double-ended anti-friction bearing wheel 
spindle. Sliding table mounted on arrangement of 
precision-ground steel rollers. Carriage design 
eliminates tendency to ‘ twist’ on its ways. Eye-level 
spindle-elevating handwheel. 


Centres: Swing, diameter... zs 
Takes length id om ae 














Sole Agents in the British Isles : 


BUCK & HICKMAN LTD. 


Machine Tools : Otterspool Way, Watford By-pass, Herts. Head Office : 2/8 Whitechapel Road, London, E.1. 


Branches : Alperton, Birmingham, Bristol, Leeds, Manchester, Glasgow. 
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MULTIPLE SPEED 
GEARBOXES 

with co-axial shafts, 
capacities 5, 15, 35 
H.P. overall ratios 
from I-! up to 7-1. 
Two, three or four 
speeds. Motorised 
or non-motorised. 


“STRATELINE” 

SPEED-REDUCER 

Horizontal foot- 
mounted, universal 
flange - mounted. 
Single, double or 
triple stage. Motor- 
ised or non-motor- 
ised Co-axial shafts. 





Ratios up to 
10,000 to |. Output 
TORQUE up to 
64,000 Ib. in. 


VALVE AND 
; WINCH OPERAT- 
ING GEAR. j 
Co - axial shafts. 
Flange - mounting 
Developed for indi- 
vidual applications. 
Hand or power 
operation. 
4 


Write forgfurther details. 


VARATIO-STRATELINE GEARS L™ 





VARATIO POSI- 
TIVE VARIABLE 
SPEEO GEARS. 

for speed changing 
under power. Capac- 
ities up to 45 H.P. 
Overall ratios stan- 
dard 2.1, 3-1, 4-1, in 
7, 9, 13 speeds res- 
pectively. Spur gear 
co-axial drives. 


age GT EA RE I a I BGI 





above are typical examples from our 
range of variable speed gear 
units and speed reducers. 
Special units developed to 
customers’ requirements. 





277-279 Aberdeen Ave., Trading Estate, Slough, Bucks. 
Telephone :RSlough 20271/2. Telegrams : Varatic, Slough. 














is the primary requirement for anti-corrosive treatment 








— AT ii LE. — Ns — 


Wherever there is a corrosion problem surface preparation is essential and 

Vacu-Blast is the natural answer. Whether it be metal spray, rubber 

covering, plastic coating or painting the simple rule applies — *‘ clean 

surface thoroughly before application “’; yet thousands of tons of expensive 

materials are wasted annually by failure to comply. Vacu-Blast offers the 

means to secure this basic requirement because it incorporates a dust-free 3 PAE/D 
closed circuit system of grit blasting especially suitable for in-situ work on 
plant installations. Demonstrations can be arranged on request. 


VACU-BLAST LTD., BATH ROAD, SLOUGH, BUCKS. Phone: sLoucH 24507/9 
VACU-BLAST AUSTRALIA (PTY.) LTD., ELIZABETH STREET, MITCHAM, VICTORIA, AUSTRALIA 
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a DEMONSTRATION? 


IF YOU CUT, drill or grind glass, ceramics, 













wr 


carbide or any known hard material 


eae ET 


the Neven Mobile Unit will demonstrate 


most efficient production methods 


RS TTI Fi 


with diamond tools. May we send this 
Demonstration Unit to your works? 


The Sales Manager would be pleased to 





advise you when the Unit will 





be in your area. 








IMPREGNATED DIAMOND PRODUCTS LTD 


OF GLOUCESTER : ENGLAND 
TELEPHONE 21164 (3 LINES) ‘ TELEGRAMS IMPREG GLOUCESTER 
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S.G. Br own Ltd. are precision-wise 


with | oulder gear measuring 


equi pment 





Goulder No. 2. Rolling 

Gear Tester recording the i 

- ae aye 4 5 accuracyofanS.G.Brownl td ek 

S.G. Brown Ltd. insist on precision and speed in checking gear measurements — 10” aluminium bronze gear 1 
4 24 D.P. cut to Admiralty 

Class 1 Specification. 






that’s why they use Goulder equipment. 










Designed with the greatest attention to detail and made from specially 


selected materials, Goulder equipment embodies the ae 
highest standards of accuracy and craftsmanship. 
The comprehensive range of Goulder gear measuring instruments includes —— 


five types of rolling gear testers, as well as lead measuring machines and —— 


involute testers. Special machines can also be made for particular requirements. 


Goulders also make 
Worm and wheel testers - Hob tester 


Pitch testers * Sine tables 
Universal beam calipers * Jigs, fixtures 
Tools and gauges « Aircraft components 


We shall be pleased to advise on the best method of gear 
measuremem for your needs — just telephone or write to: 


J. Goulder & Sons Ltd. 


Kirkheaton, Huddersfield 
Telephone: Huddersfield 5252-3 








JIGS & FIXTURES - DIE-CASTING TOOLS 
PRESS TOOLS: SPECIAL TOOLS ~ PLASTIC MOULDS 


UNIVERSAL TOOLS LTD 


TRAMWAY PATH, MITCHAM, SURREY. Telephone: MiTcham 6111 
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To achieve the accuracy required for our many 
famous products we cut our own precision 

gears. This service we are now pleased 
to offer to all engineering companies. 
















KX GEAR MEASURING 


EQUIPMENT BY 
J. GOULDER & SONS. 


Accuracy of the gears is 
ensured by testing, as shown 
above on a Goulder No. 2 
Rolling Gear Tester. Results 
are given on a graph like the 
one tillustrated. Each vertical 
division from zero to 20 indi- 
cated one-tenth of one-thou- 
sandth of an inch, so that the 
graph in this case proves that 
the gear has been cut to an 
overall composite error of 
three-tenths of one-thou- 
sandth of an inch. The gear 
under test was Io inches dia., 
24 D.P. Aluminium Bronze. 
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Our plant has been extended, as a matter of 
policy, to look after outside contracts. Brown’s 
will of course guarantee the highest possible 
accuracy and welcome contracts calling for 
complete gear train assemblies. The following 
gears that can be cut include: Spur, Internal 
and Helical, Worm Wheels, Worms and Splines, 
in any recognised material. 


Spur and Helical gears up to 80 D.P. from } 
inch to 13 inches in diameter. From 6 to 120 
D.P., up to 1§ inches in diameter. Tooth to 
Tooth error is guaranteed to better ‘0003 
inches. Total composite error is guaranteed to 
better ‘0007 inches. 

Admiralty class 1, 11 and 111 standards 
guaranteed. Also good commercial standards, 
as specified. 





Trade enquiries are invited. 





THE PRECISION PEOPLE Ps 


y, 


S$. G. BROWN LTD. Incorporating the Submarine Signal Co. (London) Ltd. SHAKESPEARE ST., WATFORD, HERTS. 
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Who foots that RUST bill — 


> you or your customer ? 


Steel parts or assemblies in transit are easily 

attacked by RUST if they are not suitably protected. 
Do you lose interest in your products after they 

leave your Despatch Department ? Your customers 
shouldn’t be faced with a bill for RUST damage 

in transit. There need not be a rust bill anyway, if 
your products are RODOL protected. RODOL 
anti-rust treatments are easily and economically applied 
and they give complete and positive protection. 





THERE IS A COMPLETE RANGE OF RODOL PRODUCTS 

, Included in the RODOL series of rust preventives are materials 
' to protect steel against all hazards — inter-process protection, 
anti-rust treatment in storage or transit, de-watering fluids or / 
protection before a permanent finish is given. Ask for samples 
and literature. 





RUST IS INDUSTRY’S BIGGEST SPOILER 


vr wwe PONY 


FLETCHER MILLER LTD., ALMA MILLS, HYDE, CHESHIRE 
Telephone: HYDE 3471 (5 LINES) Telegrams’ EMULSION, HYDE 


Also at LONDON - WEST BROMWICH : NEWCASTLE-ON-TYNE . CARDIFF ‘ GLASGOW : BELFAST 
R 35 











If you face mill light alloys 


here’s how to put your finger 
ail on 60% more production! 






The latest Wadkin Articulated 
Arm Router has considerably 
increased output rates and 
drastically reduced production 
costs in scores of _ shops. 
The reason is this: Wadkin 
machines are not orthodox 
millers but machines specially designed for high-speed 
working in Non-ferrous Metals. With cutting speeds up 
to 18,000 r.p.m. and low tooth loading of the cutter, 
face-milling operations are accurately machined in a 
fraction of the time taken by any other method, and only 
light clamping of the component is necessary. No further 
























finishing operation is required. May we prove the 
amazing output capabilities of this machine—preferably 
by a demonstration on your own job. 


Wadkin Ltd., Green Lane Works, Leicester 
London Office : 62-64 Brook Street, W.1. 


Telephone: Leicester 68151 
Telephone: MAYfair 7048 Se 
A Wadkin Articulated Arm Router, type L.C. face-milling a 
filter plate at Brytallium Castings (Bolton) Ltd., Bolton. 
A finished component is shown in the foreground. 
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Rapid, high-quality photoprinting 


The Ilford AZOFLEX Model 221 
Combine printing and developing 
machine (formerly known as Model 
42/63 Mark II) employs safe, odour-free 
AZOFLEX chemicals —just one of the 
many special features that make it the 
ideal photoprinting machine for print 
room or drawing office. 


esis 


Exposing, developing and drying operations 
completely synchronized. 

All controls accessible from comfortable 
working position. 

High continuous output easily maintained by 
one operator. 

Excellent copies obtainable from old or faded 
originals. 

Comprehensive maintenance service available 
at nominal cost. 











TTA ane RE © 


3 


A ORM SAME oS 


SE Testes: 





RIT SR EE. 


and no unpleasant fumes 


Capacity: rolls and cut sheets up to 42 in. wide. Printing speed: 
6 in. to 154 ft. per minute. Lamp: H.P.M.V. MA/U 2,000 watt. 
Dimensions: height 50in., width 67in., depth (tray extended) 52in. 
Weight: 850 Ib. 


Subject to certain conditions, the majority of AZOFLEX photoprinting 
machines can be hired as an alternative to outright purchase. 


ILFORD Peeeyzeee 


PHOTOPRINTING MACHINES & MATERIALS 


Full details from 
) ILFORD LIMITED, INDUSTRIAL SALES DEPARTMENT AZ17 AA 
ton. ILFORD, ESSEX. TELEPHONE: ILFord 3000 
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We shall be happy to supply any engineer 
designer who is interested with details of 
the various bolts and studs, which cover 
the full range of modern requirements. 


LOOK FOR THE NEWALL BRAND 
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BRANDED BOLTS 








Each type of Newall bolt 


Newall Hitensile ... Newalloy... 
Newallastic ... Newall Hi-tem... 


is branded with its own distinctive mark 
and is recognised by engineers as having 


“unique” qualities. 











Bip 


POSSILPARK, GLASGOW, N.2. 
























SWIVELLING BRACKETS 
providing 90 





ae 4 er agic accessories 


increase your adaptability 


ADAPTOR PLATES 
for efficient holding 
of small & thin parts 





DEMAGNETISERS CHUCK BLOCKS 
— platen type 









These accessories for ‘“‘Eclipse”? Magnetic Chucks greatly 
increase their versatility. Superior performance is ensured 
even when holding through adaptor plates and chuck 
blocks. Write for fully descriptive literature of the com- 


plete range of these invaluable accessories. 








the only name for.... 
ocoee Magnetic tools 


JAMES NEILL & CO. (SHEFFIELD) LTD., ENGLAND 
Supplies through appointed “Eclipse Distributors 


supplied in matched pairs PM 133 





Ne 
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(AED equipped power stations 


st 








rq | ALL WITH 


OVER 307% 
th THERMAL 
EFFICIENCY 
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in CEGB’s latest thermal efficiency list 


AEI turbine-generators top the list! An overall 
thermal efficiency of 32.16%, the highest figure 
recorded for the year ended March 3lst 1958, was 
achieved at Castle Donington, where five 100 MW 
AEI generating sets are installed. The sixth set is 
in course of erection. 

Four out of the seven power stations with ther- 
mal efficiencies greater than 30°, were equipped with 
AEI steam turbine-generators. These were: Castle 
Donington, Littlebrook B, Portishead B, and 
Meaford B. 


ASSOCIATED ELECTRICAL INDUSTRIES LTD. 


TURBINE-GENERATOR DIVISION 


Incorporating the interests of M-V & BTH Manchester and Rugby 


WORKS AT MANCHESTER AND RUGBY, ENGLAND * GERMISTON, SCOTLAND * LARNE, NORTHERN IRELAND 


B/B 803 
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MILLING & DRILLING 
MACHINES 


Speed, rigidity, flexibility. These are the basic points that 
the discerning buyer looks for in a machine tool. But these 
essential qualities don’t just “ happen” — in the case of 
the famous “Richmond” range of Milling and Drilling 
Machines, they are factors built-in at the blue-print stage 
by a) expert design team and then translated patiently 
into reality by some of 
the finest craftsmen in 
Britain’s industrial North. 

























No. 3 VERTICAL 
MILLING MACHINE 


Table Size : 48” 11”. 
Capacity : 30” K 8” & 16”. 
12 Speeds — 12 Feeds. 
Automatic and QPT. to 
all motions. 
Spindle Bored 
No. 40 B.S.S.T. 
Head Swivels 
45° Right 
or Left 
3” Vertical 
Spindle 
adjustment. 








H.B. 3/12 RADIAL 
DRILLING MACHINE 


12 Spindle Speeds 
20 - 960 R.P.M. or 
40 - 1800 R.P.M. 

4 feeds — .004 to 
013 ins./rev. 

Pillar dia. 12”. 
Spindle bored No. 4 
Morse taper. 

3 sizes 3’ 6”, 4’ 0” and 
4’ 6” radius of Drill 
Spindle. 











Range the 


world over ! 


HIGHMOND 


MIDGLEY & SUTCLIFFE LTD. me 
Hillidge Works, Hunslet, Leeds 10, England A 
Telephone: 76032/3 Telegrams: ‘Tools, Leeds, England’ eneee 
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THE FIRM WITH 
HALF-A-DOZEN 


JIG BORERS for 
PRESS TOOLS 


etc. 


es 


HIGH SPEED SERVICE TOOL CO. LTD 
Maple Road, Surbiton, Surrey. Elmbridge 1135-7 


STUDER PROFILE GRINDING A SPECIALITY 














Radio-Frequency—too!! 





Over the years more and more companies have 
entrusted us with their components for FLAME 


HARDENING and learned its amazing possibilities. 


Meantime we have developed a RADIO- 
FREQUENCY Department and can offer service 


from Valve Generators up to 125 Kva. 


On Starter Rings we have full automation. Yet 
we know there is still much to learn 


remarkable possibilities ! ! 





FLAME HARDENERS LIMITED 
Shorter Works * Bailey Lane - Sheffield | 


Telephone 21627 




















~ 
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for 
BRITISH 
STANDARD 
DIMENSION 
INDUCTION MOTORS 


Drip-proof or T.E.F.C. 
Delivery from Stock 











BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED RUGBY - ENGLAND 
an A.E.1. Company AS320 
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hard-trinke 
EDIBRAC 


For further details 


write for complete catalogue 


EXO JIIBIRVA\CIAITMA TAT RERD, 


Manufacturers of 
Tungsten Carbide Tipped Tools and Cutters 


Made entirely at 


CENTURION WORKS BROADHEATH NR. MANCHESTER 





dmEC2i/I 
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HEAT 





TREATMENT 








Capacity for case-hardening is now available in 
the most modern heat-treatment plant in London 


xX Gas or pack carburising with full metal- 
lurgical control over all operations 


x Gleason quenching press equipment for 
pieces up to 36” dia. plus wide experience 


in the control of distortion 


x Flame-hardening of gears up to 1o ft. 
dia. with latest electronically controlled 
equipment 


E.N.V. ENGINEERING COMPANY LIMITED 
HYTHE ROAD * WILLESDEN ° N.W.10 
Tel: LADbroke 3622-3-4-5-6 


] AP 79 












Let us 
be your 
machine 





Complete facilities plus 


precision & service second to none | _ -:°* “¢!! 25 
shaping, honing, 
@ Capstan and centre lathe work si = 
@ Milling—all types to meet your 
@ Surface and universal grinding every need. 
@ G-SIP jig boring AID & ARB 
Approved 








MARSDEN & SHIERS LTD. 


Davis Road, Chessington, Surrey. Phone: Elmbridge 5333-4 
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SERRATED BLADE CUTTERS 


The Purfection Engineering Co. (Coleshill) Ltd., builders of FULMER honing 
machines and other specialised equipment, find that “ GALTONA-O.K.” serrated 
blade cutters show marked advantages on a wide range of milling operations. 

On the job shown, for instance, fabricated steel conveyor gearboxes, one of our ‘Z’ 
series high speed steel Face Mills, 12in. diameter, is roughing and finishing at 
consistently fast rates. Peripheral speed is 90 ft. per minute, with depth of cut for 
roughing of in. and a 6in. per minute feed. 

There are ‘‘GALTONA-O.K.” serrated blade cutters to solve your milling problems. 
Write for catalogue. 


Richard Loyd Limited 


GALTON HOUSE, ELMFIELD AVENUE, TYBUKN, BIRMINGHAM, 24 
Telephone: Ashfield 1801, Telegrams “Cogs, Birmingham” 








NORTHERN AREA OFFICE: A. V. Green, Britannia House, Wellington Street, Leeds 1. Phone : Leeds 21212. 
LONDON AREA OFFICE: A J. Percy, 240 Romford Road, Forest Gate, London, E.7. Phone: MARyland 7304-5. 
NORTHERN IRELAND : Garage & Engineering Supplies Ltd., 78 Great Victoria Street, Belfast. 
SCOTLAND : Stuart & Houston, 5 York Street, Glasgow, C.2. 
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BAKER 


The BAKER-PERA 


TOOL RADIUS 
Grinding Attachment 


This attachment to your tool and cutter grinder, designed by 
P.E.R.A.*, enables the cutting and clearance angles of single-point 
cutting tools to be ground accurately to pre-determined angles, and 


the nose radius to be accurately ground to blend with the edges. 


Well ground tools last longer, give better finish and save 


time on costly machine tools. 


* Production Engineering Research Association of Great Britain 


Write for descriptive leaflets to: 


C. BAKER INSTRUMENTS LTD. 


METRON WORKS PURLEY WAY CROYDON SURREY 
CROydon 3845-6-7-8 

















WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 





Whatever it is you need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Ltp. 


IPSWICH 





Telegrams: Reavell, Ipswich Telephone Nos.: 21 4-5 
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CUNLIFFE 
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. or for prototype work as shown, CUNLIFFE & CROOM 


horizontals, with their in-built features of precision and 
rigidity mean increased efficiency wherever they are installed. 
At the Imperial Tobacco Co. Ltd., Bristol, for instance, this machine, with vertical 
Sa milling attachment, is fully employed in the Prototype Development Department, on 
?S™S@ components for new machines. CUNLIFFE & CROOM milling machines, horizontal 
= é leak 4 
= 
_ 


universal and vertical, are available in a range of sizes to reduce costs on your own 
work. Complete catalogues available. Write for your copies today 


~ CUNLIFFE: CROO 


FULL PARTICULARS OF THESE MACHINES FROM HORIZON TA L M / LLE R 5 









JAMES ARCHDALE & CO. LTD. FLEDSAM AM ST,, BIRMINGHAM 16 
A member of the Staveley Coal & Iron Co., Ltd. Group 


a 


SOLE AGENTS ; ALFRED HERBERT LTD. COVENTRY. TELEPHONE : 8922! 


PHONE EDGBASTON 2276 
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Ratcliffe 


SPRINGS 

















UDAL Press Unloader and 
Loader give four-fold saving 











Time Saving Versatility Economical Cost Labour Saving 
The Loader permits Easy changeover Relative to the sa- The Unloader either 


a (rocuoate) 


E bp 


continuous feeding from one job to vings in production replacesanOperator c 

withthe minimumof another. Mounted costsfromtheuseof at back of Press RAWFoRD SP 

Operator move- on castor wheels these Units, their or enables the front RING WOR 
ment. Thetwounits with built-in height prices including Operator to con- NORMA Ks 
together on aPress adjustment, the installation, are centrate solely on D = Roc 

running at!i5s.p.m. Units can be rolled attractive. feeding. Phone: , HDALE 
will give a produc- clear for toolsetting 1 4692/3/4, Grams: R ; 

tion rate of 800 per or moved to another * Recoil, Roch 
hour with one Op- machine and reset J. P. UDAL LTD., dale 
srator. With manual within minutes. Interlock Works, 


loading, two Op- 
erators would do 
well to reach 360 
per hour. 


Court Road, 
Birmingham [2 
Tel:. Calthorpe 3114 











Spotlight on 


ROUNDS Sizes: 4% in. to 8 in. dia- 


meter 


SQUARES Sizes : } in. to 1 in. across 


flats 


HEX Sizes: *& in. to 1 in. 


across flats 


Sizes : %& in. to 1} in. thick 
RECTANGLES jin. to 10in. wide in 


} in. increments 


10 in. and 12in. dia. 

fin. to 2in. thick 
DISCS 14 in. and 17 in. dia. 

tin. to 2in. thick 


3 ITTY 


Rounds, squares and hex supplied in long lengths suitable 
for machining on automatics. 

Polypenco Nylon Rod is the ideal material for ALL 
types of mechanical, electrical and chemical parts. 


e TOUGH @ LOW FRICTION % Nylon is the generic term for the polyamide family of the following grades : 
@ NOISE DAMPENING @ ABRASION RESISTANT Type 66, Type 610, Type 6, Type 11, MoS, and graphite filled Type 66. Each 
@NON-GALLING @RESILIENT grade has specific properties for different operating conditions. The most complete 
@ RESISTANT TO CHEMICAL MEDIA IN THE RANGE range in the world of nylon sizes and shapes can be supplied in all commercially 


OF phS TO phil 


e@eGOOD ELECTRICAL INSULATOR FOR’ LOW 
FREQUENCY, HIGH VOLTAGE APPLICATIONS 


available grades by the pioneers in nylon shapes. 


POLYPENCO LTD. 66-70 Tewin ROAD - WELWYN GARDEN CITY - HERTS - TEL: WELWYN GARDEN 5581-2-3 
A subsidiary of The Polymer Corporation, U.S.A. *‘POLYPENCO”’ is a registered trademark 
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Constructing drop hammer dies is expensive 
when conventional methods are used, and 
most of the cost goes in labour. A saving of 


Let’s face it 


effected by facing both punch and die with = 


BRS Se SS, 


from £10 to £20 per square foot can be 


Araldite, instead of fettling and hand finish- Ak v 

ing the surface contours. The photograph . : W | 
shows a drop hammer tool, comprising 2 : “ i 
punch and die, in which both components ," (- " i 
are of zinc-based alloy faced with Araldite. ye i * 
It is used by de Havilland Aircraft Co. oe j \ 













Ltd. for the production of flame shrouds in 


26 s.w.g. Alclad for the Comet 4. 





A recent publication, “‘Araldite for Tooling” 
manual E.T., describes processes which save 
much time and money. It gives methods and 
formulae covering many applications of 
epoxy resins for tool making. A copy will 


gladly be sent on request. 


Araldite epoxy resins 


Araldite is a registered trade name 


CIBA (A.R.L.) LTD. 


DUXFORD, CAMBRIDGE - TELEPHONE: SAWSTON 2121 AP 264/459 











hinking about Aluminium Wire? 


Discerning manufacturers of wire products have 
AWCO in mind when seeking supplies of 
aluminium or aluminium alloy wire. They know 
that AWCO’S policy of rigorous control 


and inspection at all 





stages of production 
, guarantees a 
y, satisfactory product. 


AWCO 
make dependable aluminium 


and aluminium alloy wire. 





ALUMINIUM WIRE & GABLE GO. LTD 


Britain's Largest Manufacturers of Aluminium Wire & Conductors 

Head Office and Works : PORT TENNANT, SWANSEA, GLAMORGAN 

Sales Office : 2 ST. JAMES’S SQUARE, LONDON, S.W.1. Telephone : TRAfalgar 6441 
and at 13 COLMORE ROW, BIRMINGHAM, 3. Telephone : Central 2407 
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FROM 
1/250th H.P. 
to 


1/3rd H.P. 








INustrated: 
———— Type 334C40 Geared Mo- 


tor, with A.C. and D.C. 
interchangeable frames |-20 


We are exhibitin 
g r.p.m. Torque: 20.10 Ibs/ins. 


| 
. | 
| at the 
| A.S.E.E. EXHIBITION | 
| STANDNo.LS | 








The wide range includes: 


UNIVERSAL 1/250 to } h.p. 
SINGLE, SPLIT PHASE 1/100 to } h.p. and 
Write for CAPACITOR 1/80 to 1/6 h.p. 


List AB57R 3-PHASE 1/20 to 1/3 h.p. 
SYNCHRONOUS 1/100 to 1/16 h.p. 
SHADED POLE 1/160 h.p. at 1,300 r.p.m. 





GEARED UNITS 0.125 to 600 r.p.m. 








DEPENDABILITY 
and MACHINABILITY 





MALLEABLE 
IRON 





3 Torque up to 850 Ibs/ins. CAS TIN GS 


Make use of our vast resources 
and many years of experience. 


FRACTIONAL H.P. MOTORS LTD 


Rookery Way, Hendon, N.W.9. Telephone: Colindale 8022/4 
Also at Birmingham 


DaF3591P CR RRR ReamesR: 





(TIPTON) 
E timiteo DUDLEY PORT Stofs 





PHONES TIPTON 1671/5 


‘MODERN MALLEABLE’?’ (2nd edition) 


If you have not had a copy, kindly send us a P.C. We shall be pleased 
to forward one, post free. 








Fo 
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MOTOR CONTROL GEAR 


for every industrial application 





Contactor equipment providing hand-operated speed control of the 
Primary Crusher of Cornelly Quarry of The Steel Company of Wales I.td 




















Main control equipment at Hardham Pumping Station of North-West Sussex Joint Water Board 


For every electric motor 
there is an Alien West starter 








ALLEN WEST & CO LTD BRIGHTON ENGLAND :: Telephone: Brighton 2329! +: Telegrams: Control, Brighton 
Engineers and Manufacturers of Electric Motor Control Gear and Switchgear 
SUBSIDIARY COMPANIES IN CANADA, SOUTH AFRICA AND RHODESIA + AGENCIES THROUGHOUT THE WORLD 
















HIGH GRADE MACHINE FILES 
Swiss Type Machine Files 


61 Sizes, 4, 5 and 6 inches long for 
es 


THIEL Ill and other Filing Machines 
ibs 
TRIANGULAR 
Bastard Cut 





-- Also 8 inches long for larger Filing Machin 


a e 
FLAT 
Bastard Cut 


SQUARE 
Bastard Cut 


PRISM <ciffttm & ae 
Smooth ROUND HALF ROUND 
Cut Bastard Cut Bastard Cut 
‘tee aa 
FISHBACK KNIFE EDGE R oo d 
Smooth Cut Smooth Cut * soaenel Oe 


WRITE TODAY for 
details of complete range. 


Diamond impregnated Files for 
hardened steel and tungsten- 
carbide are also available. 


WELSH HARP, EDGWARE RD, LONDON, NW2 34 


OCKWELL 
TEL: GLADSTONE 0033 ACHING. Sar eat 


wR 
Also at BIRMINGHAM: Tel: SPRINGFIELD 1134/5 - STOCKPORT- Tel: STICKPORT 5241 
GLASGOW - Tel: MERRYLEE 2822 
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SUPPLIED COMPLETE OR 
FROM CUSTOMERS BLANKS 


A 
OUR SERVICE 18 REUABLE € DELIVERY PROMPT 


RELIANCE GEAR & ENGINEERING CO. | 
(Salford) LTD. 
DICKINSON STREET, SPRINGFIELD LANE, SALFORD, 
Phone: BLAckfriars 0164 & BLAckfriars 1715 


i 





3 





2000 AN HOUR Tt 


PERFECTLY MARKED PARTS 


We illustrate the new E.P.40 Hydraulic Marking 
Press—Pryors latest contribution to greater 
productivity. Fully automatic, it will mark at 
speeds in excess of 2,000 per hour. Write for 
further details. 


er 5 


BROOM STREET SHE 
PHONE: SHEFFIELD 23161 (5 lines) 











EDWARD PRYOR «z son iten 


FFIELD ENGLAND 
GRAMS: PRYOR, SHEFFIELD 
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UNBRAKO 











You can nearly always find a screw in the 
vast Unbrako range calculated to do just 
what you want better than any other 
screw. 


But modern developments sometimes call 
for special screws not even standard to 
Unbrako. 

When that happens our highly trained 
team of fastener-minded experts really get 
enthusiastic, responding to the challenge. 
They like to co-operate with you at the 
blueprint stage for preference, helping to 
design the perfect screw for the job, or 
they will simply make the screw to your 
specification, just about as well as a screw 
can be made. 





So, standard or special, you can always 
safely specify Unbrako, the people who 
offer the most comprehensive specialised 
screw service in the world. 


To be on the safe side, better get in touch 
with Unbrako over any fastener question. 
Remember what they say — Unbrako 
screws cost less than trouble. 


There are two Unbrako lists you should 
have in your library, and a_ postcard 
or telephone call will bring them by 
return. They form a detailed and 
comprehensive guide to the whole 
Unbrako range, standard and non- 
standard, and no progressive firm should 
be without them. 


Unbrako screws cost less than trouble 
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PRESS BUTTON 
TRANSFER to the 
KEYBOARD 


Here ai last is what scientists and technicians have been 
asking for — a FULLY AUTOMATIC calculator 

with a back transfer to the KEYBOARD! This 
time-saving feature combined with full carry over in 
both Registers makes the new Diehl AUTOMATIC 
TRANSFER calculator the ideal machine for 

dealing with complex calculations. 

Diehl’s press button transfer is swift and positive in 
operation. Figures are switched into the Keyboard in 
a split second ready to be used for any further 
operation. 


For further details write to :- 


ARCHIMEDES - DIEHL 


CHANDOS HOUSE, BUCKINGHAM GATE, LONDON, S.W.1 TEL: ABBEY 2014 
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—— 
Its safer, quicker and 


more economical to use the 


Cut work clamping costs with the 
Newton Hydraulic Clamp System. 
Plungers can be grouped in numbers 

to suit any particular job. Holding 
pressure of from 800 Ibs. to 4 tons. 

Maximum pressure with smallest 
plungers. Easily adaptable to 
any fixture design. 


Lever ant TYPE OF SHAPE 
— OF WORKPIECE - 

STEEL -ALLor- 
wood-e1¢ 
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Write ‘or fully illustrated technical 


booklet: 243 Grams: 
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NOW IT’S FOR ALL CUTTING-OFF JOBS 


B9 for DRY 


For high production dry cutting jobs on 
steels of all types use Norton B9 Resinoid 
Bonded Wheels. Their fast clean cutting 
abilities are enhanced by the added rough- 
ness of the sides—achieved by allowing the 
outside layers of abrasive grain to protrude 
naturally from the sides of the wheel giving 
more clearance in the cut. These are 
designated ‘F’ Sides. So, for the most 
economical dry cutting-off jobs with a 
really good finish specify Norton B9 Wheels 
with ‘F’ Sides. 


economical performance. 





Both these Norton Wheels are outstanding for 
their speed and quality of cut and for their long, 


R50 for WET 


These new Norton Rubber Bonded Wheels 
have been developed for wet cutting oper- 
ations. Extraordinary results have already 
been achieved on high-speed, alloy and other 
heat sensitive steels. Consider the possi- 
bilities of wet cutting with Norton R50 
wheels if your jobs are being marred by 
excessive burring or burning. 


For the best advice 


on dry cutting with B9 Wheels or wet cutting 
with R50 wheels, consult your Norton or Alfred 
Herbert representative—or write to us 


NORTON GRINDING WHEEL CO. LTD. 


Telephone: WELWYN GARDEN 4501 (10 lines) 


WELWYN GARDEN CITY, HERTS. 


NORTON ABRASIVES 


Enquiries also to ALFRED HERBERT LTD., COVENTRY 


NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, 
Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A. 


NGW/B9R50/141 





COVENTRY CLIMAX 
ENGINES LIMITED 
COVENTRY 


Fork lift trucks, modern industry's 
universal handling machines, according to their 
manufacture and use, are powered by electric 
batteries, or petrol or diesel engines, and run on 
pneumatic or solid tyres. 

All these are basic variations imposing their 


own design problems, which have been successfully 


solved in the recently introduced 


Climarn 


‘UNIVERSAL’ series 


This range offers the user choice of the above- 
mentioned variables, within a universal basic design 
utilising fullest possible standardisation of main 


components. This saves everybody trouble—AND COST! 

















